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Foreword

We can remember as youngsters watching the television show, Mork and Mindy.
We laughed along, while sometimes feeling unable to keep up with the soaring and
roaring wit that was Robin Williams. But sometimes we were able to catch on to a
suspender and fly along with him for a time, and that was a ride that inspired awe.
His dramatic roles were no less inspiring; for example, Awakenings played a role in
some of our career choices, Good Morning Vietnam in political perspectives.

We wonder, now, how he could have kept up that quick cognitive pace, and
what was required to do so. Did we imagine, later in his life, that when he puffed up
the smile on his lips, the light sank from his eyes? Mr. Williams may have
exemplified some of the risk factors known to be associated with suicidal behavior.
But maybe these were hidden in plain sight, or just plain hidden.

The present volume represents current thought and research on suicidal ideation
and behavior, bringing together some of the top thought leaders in the field. All
authors have contributed with the hope that application of the methods and theory
that is discussed within along with increased momentum in research will assist in
understanding this human vulnerability, with the aim of reducing the numbers of
tragic outcomes.

Thomas J. Hudzik, Ph.D.
Keri E. Cannon, Ph.D.
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Chapter 1
Introduction

Thomas J. Hudzik and Keri E. Cannon

Abstract Each year, an astonishing number of lives are lost to suicide which
highlights an imperative that research efforts and attention be focused upon
understanding the causes and contributing factors in suicide. The present volume
approaches suicidal behavior and ideation from many different perspectives, which,
of course, is necessary because of the complexity associated with these phenom-
ena. In the present chapter, concepts and research efforts that will be discussed in
detail in later chapters are introduced and encompass the areas of epidemiology and
predictive tools, risk factors, and clinical and preclinical neurobiology.

Nearly 1 million people worldwide die by suicide each year. The World Health
Organization (WHO) has estimated that the number of suicides exceeds the number
of homicides and deaths due to warfare combined (WHO 2013, p. 4244). The
accuracy of these estimates likely is affected by a number of factors, including under-
reporting due to social stigma, to accidents with unclear precipitating factors, or even
method of legal determination (Sainsbury and Jenkins 1982; O’Donnell and Farmer
1995). In the United States alone, it is the third leading cause of death among teens
(12–19) and second leading cause of death for young adults aged 25 to 34 (CDC
2004, 2007; Minino 2010, 2013 ). In addition, the financial and social consequences
of suicide are extensive representing 2.5 % of the global burden of disease, (Murray
and Lopez 1996; WHO 2013, p. 4244). The US Centers for Disease Control and
Prevention estimated that in 2010, the cost associated with suicide was more than 30
billion dollars in lost earnings, medical expenses, and associated costs (CDC 2010).
These statistics and observations in toto highlight an imperative that research efforts
and attention be focused upon understanding the causes and contributing factors in
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suicide, continuing to identify high-risk individuals and populations, and developing
effective prevention and treatment strategies.

Suicide results from a complex convergence of many possible neurobiological,
sociocultural, and genetic factors, the exact composition of which will vary
somewhat in each case. Despite the uniqueness of each situation, it is thought that
such factors, combining into a ‘perfect storm’ that can tilt ideation into behavior.
Table 1.1 summarizes some of these risk factors in suicidal behavior and ideation.
These risk factors can interact with each other, be a product of each other, as well as
operate independently, and as such are difficult to categorize, for example, as purely
dispositional versus environmental. Among the most important are lack of social
support, previous attempt, access to firearms, and other lethal means and con-
comitant mental illness, including chronic substance abuse. Clinicians and scientists
are greatly interested in understanding the complexity of the interaction of these
factors in order to increase the ability to predict the risk of suicide in patients. It is
important to consider that risk factors may vary by subpopulation identified, and
those which may drive ideation in and behavior in Autism Spectrum Disorder, for
example, may be quite different from those which affect patients with a history of
drug dependence. Only after further understanding of suicidal behavior and ideation
is achieved can such predictive tools be applied. The analysis of these various
genetic and psychiatric risk factors is providing a blueprint for clinical endophe-
notypes that may be associated with suicidal behavior and ideation.

Throughout this volume, several terms will be used to describe the spectrum of
“suicidality” (hereafter, suicidal ideation and behavior), and as such it is important
to establish some clear definitions upfront. Suicidal behavior (Niedzwiedz et al.
2014; Mann and Arango 1992, p. 4361; Mann and Currier 2012) encompasses

Table 1.1 Some common risk factors in suicidal behavior and ideation

Traumatic brain injury Genetics Social isolation

Early life trauma Serotonergic dysfunction Mental pain

PTSD Family history of suicide chronic physical pain

Acute physical pain Low serotonergic tone Life outlook

Chronic disease Gender Life goals

Previous attempt Poor communication
skills

Level of cultural acceptance

Psychiatric illness Unemployment Ethnicity

Substance use disorders Economic downturn Rumination

Access to lethal means Incarceration Intrusive thoughts

Current ideation Vicarious conditioning Cognitive impairment

Bullying (receiving and
conducting)

Employment stress Physical appearance/self-
perception

Religious affiliation Familial interactions Age

2 T.J. Hudzik and K.E. Cannon



completed suicide, suicide attempt, and preparatory acts toward imminent suicidal
behavior (Meyer et al. 2010). It is important to consider that suicidal behavior does
not encompass “death wish”, which is often operationally defined as a positive
response to the question similar to “do you ever wish to go to sleep and not wake
up” or “have you ever felt like life is not worth living?” Death wish is probably
necessary but not sufficient for suicidal behavior and ideation to be present. In their
draft guidance, the United States Food and Drug Administration (FDA) adopted
definitions of the various events encompassed by suicidal behavior and ideation
(Services, Administration, and CDER 2012). Self-injurious actions that resulted in
fatality and were associated with at least some intent to die as a result of the
behavior are considered a completed suicide. Suicide attempts are those potentially
self-injurious behaviors that are associated with at least some intent to die as a result
of the act. It is important to note, suicide attempts may or may not result in actual
injury. Preparatory actions toward imminent suicide suicidal behavior are those
actions that an individual takes to injure him- or herself. Suicidal behaviors are
classified in this category when the preparatory actions are stopped by self or others
from starting the self-injurious act before the potential for harm has begun. Finally,
suicidal ideations are thoughts about the desire to die or active thoughts about
killing oneself that are not accompanied by preparatory behavior. It would be of
obvious great value to be able to distinguish between patients with pure ideation
and those with concomitant behavior.

1.1 Epidemiology and Predictive Tools

In the first section, Dr. Oleske begins with analysis of the epidemiologic data
obtained on the various areas of suicidal behavior and ideation. One section of the
chapter will present information in support of relationships between certain
socioeconomic conditions and suicidal behavior and ideation. In addition, one
section will report on trends of suicide risk across demographic factors such as
geography, ethnicity, and occupation. The role of gender in evaluating suicide risk
will be discussed as well as patterns and associations in relation to age and suicidal
behavior and ideation explored.

In Chap. 4, Dr. Posner reviews the leading tool used in the clinic to assess
suicidal behavior and ideation, its current applications, and thoughts on future
application. Finally, in Chap. 3, Dr. Ratcliffe et al. discuss the recent concept of
treatment-emergent suicidal ideation and behavior and the impact it has had on
public concern, regulatory guidance, and pharmaceutical development. This chapter
also reviews current practices that have been implemented in clinical trials to detect
treatment-emergent suicidal behavior and ideation and special considerations that
must be made when adding these assessments into trials.

1 Introduction 3
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1.2 Risk Factors

The second section of this volume addresses some of the risk factors that have been
associated with suicidal behavior and ideation. Chap. 5 examines in depth recent
developments in relation to the stress-diathesis model—a paradigm that describes
the interplay of stressful events and vulnerability traits as a significant contributor to
suicidal behavior and ideation (van Heeringen et al. 2012). Although the original
stress-diathesis model has greatly assisted in the understanding of suicidal behavior,
new research suggests that neurodevelopmental alterations that occur prenatally,
postnatally, or in adolescence may contribute to suicidal behavior in later life. This
has led to the generation of a neurodevelopmental hypothesis (Jollant et al. 2011) to
explain the pathophysiology of suicidal behavior. This hypothesis is expanded upon
in Chap. 6, in which Nazem et al. provide an overview of the epidemiology and
association with suicidal behavior of PTSD, TBI (mild, moderate, and severe),
and co-occurring PTSD and TBI with particular attention paid to military personnel
and veterans. This chapter describes the neurocognitive working model of suicidal
behavior and suggests its use in understanding the association between PTSD and/
or moderate to severe TBI and associated functional neuroanatomy, with suicidal
behaviors.

The Stress-Diathesis model for suicide, attributed to Mann and Colleagues,
incorporates the notion of genetic predisposition that can manifest as heightened
vulnerability to stressors. In Chap. 7, Drs Sarchiapoine and D’Aulerio review the
literature on the role of genetics, including polymorphisms in candidate genes that
may amplify risk in certain populations. In Chap. 8, Fawcett speculates on the
ability to clinically prevent suicide and discusses some of the limited evidence that
addresses this concept. He discusses some of the psychiatric risk factors that have
been linked to suicidal behavior that clinicians have relied upon to detect suicidal
behavior, and makes suggestions for refinements in the clinical interview that may
assist in prediction of suicide.

In Chap. 9, Drs. Hudzik and Marek examine suicidal ideation and behavior in
neurological disease. Autism spectrum disorder, attention deficit hyperactivity
disorder (ADHD), chronic pain and headache, Parkinson’s, Tourrette’s syndrome,
and epilepsy are discussed in relation to comorbidities with psychiatric disease.
Dr. Szanto addressed the concept of age as a risk factor for suicidal behavior and
focuses on the increasingly important issue of suicide in the elderly in Chap. 10.
This chapter reviews accumulating evidence that cognitive decline, deficits in
decision making, and impulsivity play a critical role in suicide in the elderly, which
links well with the concepts presented in the chapter by Nazem et al. Finally, Chap.
11 discusses early life trauma (ELT) as a risk factor for suicidal ideation and
behavior. An overview of the origins of ELT is presented as well as its interaction
with other risk factors associated with suicide.
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1.3 Treatment Approaches

The third section of this volume reviews the current state of treatment approaches
for suicidal behavior and ideation. One major gap in suicide prevention is that,
currently, there is only a single drug, clozapine, which has a reduction in suicidal
behavior as an indication. Arguably, lithium is effective in this regard as well, but
has not received approval for the indication. Chapter 12 discusses the experimental
pharmacological approaches in the prevention of suicidal behavior and ideation
with a particular focus on experimental therapeutics that have demonstrated rapid,
robust, and sustained reductions in suicidal thoughts. Ballard et al. also review
novel putative targets, including the purinergic system, for intervention and pre-
vention of suicidal behavior and ideation. But no drug, no matter how effective, can
truly operate upon processes as complex as those that contribute to suicide without
psychotherapeutic support. In Chap. 13, Chesin et al. provides a review of psy-
chotherapeutic treatments to prevent suicidal behavior and ideation in high-risk
groups. In addition, Chesin et al. speculate on future directions that could lead to the
refinement of psychotherapeutic treatments and the development of additional
interventions. Finally, Thase provides a comprehensive review of cognitive therapy
as a means for suicide prevention in Chap. 14 and summarizes the results obtained
thus far using this type of approach.

1.4 Clinical and Preclinical Neurobiology

The final section of this volume focuses on current clinical and nonclinical research
efforts. Chapter 15 reviews clinical neuroimaging studies of suicidal behavior and
its major risk factors, and discusses the relevance of the findings in relation to the
understanding, prediction, and prevention of suicide. Furthermore, van Heeringen
et al. describes a picture that emerges from neuroimaging studies that reflects the
involvement of a fronto-cingulo-striatal network in the development of suicidal
behavior. In Chap. 16, Ferris attempts to probe neuroanatomical pathways of sui-
cidal behavior and ideation in the rat via non-invasive, ultra-high field, functional
magnetic resonance imaging (fMRI) studies. Utilizing fMRI in awake animals,
Ferris examined the neural imaging finger prints a few marketed compound that
contain black box warning labels for suicidal behavior and ideation. The results
from Ferris’s preliminary work provide an early foundation for future work that
could identify similarities in the patterns of neural activity among therapeutics that
have been associated with suicidal behavior and ideation. Chapter 17 introduces the
role of microRNAs (miRNAs) in neural plasticity, stress responses, major
depression, and suicide pathogenesis. Dwivedi also provides support for the use of
miRNAs as a biomarker for depression and suicidal behavior and ideation. Finally,
in Chap. 18, animal models of risk factors associated with suicide are reviewed by
Stuart et al. This chapter provides an overview of traditional and novel models of
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several risk factors, including depression, behavioral despair, anhedonia, impul-
sivity, and aggression. In addition, this chapter reviews more novel cognitive
neuropsychological models of depression.

1.5 Summary

The present volume approaches suicidal behavior and ideation from many different
perspectives, which, of course, is necessary because of the complexity associated
with these phenomena. The purpose of such a multitiered approach is to help to
further advance identification of risk, prediction of outcome, and tailoring of
treatment to achieve the best possible quality of life for patients, and their families.
Considering the question raised in the title of Chap. 9, “Is Suicide Clinically Pre-
ventable?,” as clinicians and scientists we believe that research can and will con-
tinue to bring us toward a positive answer to the question.
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Part I
Epidemiology and Predictive Tools



Chapter 2
Epidemiology

Denise M. Oleske

Abstract Suicide is a complex global health problem with consequences extending
far beyond the estimated annual 800,000 fatalities. According to World Mental
Health Surveys, the lifetime prevalences of suicidal ideation, plans, or attempts are
9.2, 3.1, and 2.7 %, respectively. There are somewhat different patterns among
nations regarding who are at risk and factors contributing to this risk. An under-
standing of the epidemiology of suicide and suicidal thoughts and other suicidal
behaviors, namely the pattern of their distribution in populations and the factors
which could be attributed to their occurrence, provide an insight into those at risk
for whom preventive efforts may be targeted. Concepts, sources of epidemiological
data, and key findings are presented in this chapter.

2.1 Introduction

Self-directed violence encompasses a range of violent behaviors, including acts of
fatal and nonfatal suicidal behavior, and nonsuicidal intentional self-harm (i.e.,
behaviors where the intention is not to kill oneself, as in self-mutilation). Suicidal
behavior is a complex health problem with fatal and nonfatal components. Suicide,
the fatal behavior, is according to the proverbial epidemiological paradigm is only the
“tip of the iceberg” of self-directed violence. Suicide, nonfatal suicidal behaviors and
suicidal ideations lead to considerable utilization of health care resources, specifically
emergency department visits and hospitalizations, with variable outcomes from these
encounters (Fig. 2.1). An understanding of the epidemiology of suicide and suicidal
thoughts and behaviors, namely the pattern of their distribution in populations and the
factors which could be attributed to their occurrence, provide an insight into those at
risk for whom preventive efforts may be targeted. Concepts, sources of epidemio-
logical data, and key findings are presented in this chapter.
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2.2 Suicide

Suicide is defined as the fatal event of self-directed violence. The death certificate is
the source document for the identification of cases of suicide in epidemiologic
studies and in vital statistics. Suicide, including accidental poisonings, on the death
certificate in the “cause of death” field can be identified through the ICD-10 codes
displayed in Table 2.1. In the UK, the definition of suicide includes deaths given an
underlying cause of intentional self-harm or an injury/poisoning of undetermined
intent. However, it cannot be applied to children due to the possibility that these
deaths could have been attributed to neglect, abuse, or unverifiable accidents. The
risk suicide is defined as the number of events of death from suicide in a defined
population occurring at the same time the population was enumerated and multi-
plied by a factor of 10. Risk of suicide is represented as a rate measure when
referring to the frequency of its occurrence in a general population, where:

Rate = Number of events in a specified time interval/Average population during
the same time interval × 10k

In 2010, the population of the U.S. was 308,746,000 and there were 38,364
deaths from suicide. Using the above formula and applying a power of 10 multiplier
(10k) to convert the fraction into a rate (usually 100,000 for vital statistics), the
suicide rate was 12.4 per 100,000 population. This means that for every 100,000
persons, there were about 12–13 suicides in this one year in the U.S.

Fig. 2.1 Public health burden of suicidal behavior among adults aged ≥18 years—United States,
2008 (Source Crosby et al. 2011). *Source CDC’s National Vital Statistics System. All rates per
100,000 population. § Agency for Healthcare Research and Quality’s Healthcare Cost and
Utilization Project–Nationwide Inpatient Sample. ¶ CDC’s National Electronic Injury Surveillance
System–All Injury Program
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2.2.1 Data Sources for Suicide Statistics

National vital statistics systems are the primary sources of country-specific suicide
mortality statistics. These statistics are derived from a death certificate, the format
and procedures for completing differ by regional laws and practices. The listing of a
cause of death on a death certificate is influenced by many factors, including
cultural factors, availability of an informant, provisions regarding confidentiality of
the cause of death, and local laws governing forensic investigation. Death rates may
also be affected by the age structure of a population and any temporal trends within
age subgroups. In general, any suicide rate may be underestimated. For example,
suicide rates generally exclude those aged <10 years (aged <15 years in the UK)
because intent for self-harm is typically not attributed to young children. Thus,
when interpreting suicide rates, it is important to keep in mind how these factors
could influence the rate and use caution in interpreting rates across countries.

The World Health Organization (WHO) compiles suicide statistics by country.
Data, search tools, and reports can be obtained through the Global Health

Table 2.1 International classification of disease codes (ICD-10) for suicide—including accidental
poisonings

General code groupings

X60–X84 Intentional self-harm

Y10–Y34 Injury/poisoning of undetermined intent

Y87.0–Y87.2 Sequelae of intentional self-harm /injury/poisoning of undetermined intent

Y87.0–Y87.2 Sequelae of intentional self-harm /injury /poisoning of undetermined intent

Specific intent codes

Accidental poisoning: ICD-9 codes E850-E854, E858, E862, E868; ICD-10 codes X40-X42,
X46, X47

Poisoning with undetermined intent: ICD-10 codes Y10-Y12, Y16, Y17

Self-inflicted poisoning: ICD-9 codes E950-E952, ICD-10 codes X60-X69

Self-inflicted injury by hanging, strangulation, and suffocation: ICD-9 code E953, ICD-10 code
X70

Self-inflicted injury by drowning: ICD-9 code E954, ICD-10 code X71

Self-inflicted injury by firearms and explosives: ICD-9 code E955, ICD-10 codes X72-X75

Self-inflicted injury by smoke, fire, flames, steam, hot vapors, and hot objects: ICD-9 codes
E958.1, E958.2; ICD-10 codes X76, X77

Self-inflicted injury by cutting and piecing instruments: ICD-9 code E956; ICD-10 codes X78,
X79

Self-inflicted injury by jumping from high places: ICD-9 code E957, ICD-10 code X80

Self-inflicted injury by jumping or lying before a moving object: ICD-9 code E958.0, ICD-10
code X81

Self-inflicted injury by crashing of motor vehicle: ICD-9 code E958.5, ICD-10-CA code X82

Self-inflicted injury by other and unspecified means: ICD-9 codes E958.3, E958.4, E958.6-
E958.9; ICD-10 codes X83, X84

Late effects of self-inflicted injury: ICD-9 code E959
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Observation (GHO) at http://ww.who.int/GHO/. Data from the WHO reveal that
suicide is a worldwide health problem with more than 800,000 people worldwide
dying every year from suicide.

In the U.S., WISQARSTM (Web-based Injury Statistics Query and Reporting
System) is an interactive database system that provides customized reports of
suicide and other injury-related data. Suicide was the 10th leading cause of death
among all ages and the leading cause of injury death in 2012. In Canada, CANSIM
is a data base updated daily which provides the latest statistics for Canada,
including health conditions. Suicide mortality data by age, gender, and year are
available as downloadable tables.

In addition to recording death information in a vital records system, some
countries and organizations have specialized surveillance systems or registries for
obtaining more detailed information about a suicide event and its causes. In the
U.S., surveillance data is obtained through the National Violent Death Reporting
System (NVDRS). This system links information from death certificates, medical
examiners, law enforcement, and forensic laboratories. Circumstances surrounding
the suicide by age group, such as depressed mood, declining health, and disclosure
of suicidal intent are compiled. The U.S. Department of Defense has a similar
system and employs a more standardized and detailed collection of medical, mil-
itary, and personal history information as a potential model for other organizations
(Gahm et al. 2012). The National Suicide Registry in Malaysia also engages psy-
chiatrics and staff members of psychiatric and mental health departments for the
collection of the information on the demographics of the decedent, characteristics of
the suicidal act, and risk factors (Hayati et al. 2008). The National Poison Data
System is a near real-time surveillance database tracking poisonings and their
sources in the U.S. Information is collected from calls by the public and health
professionals to poison centers nationwide, consolidated, and evaluated. Suspected
suicides, fatal (and non-fatal) cases are among the human exposure cases analyzed.
The system is maintained by the American Association of Poison Control Centers
(www.aapcc.org) with annual reports published in the journal Clinical Toxicology.

2.2.2 Age, Sex, Race/Ethnicity, Geographical Region,
and Other Population Subgroups

There is marked variation in suicide rates by age, sex, race/ethnicity, and geo-
graphic region.

By age group, among the highest suicide rates are noted to occur in midlife in
Canada, the U.K., and the U.S. Suicide rates by age reveal a peak in adolescence in
the U.S. (ONS 2014; Navaneelan 2012) (Fig. 2.2). In the U.S., the rates of suicide
exceed homicide rates for all age groups except for the age groups of 18–24, where
the homicide rate exceeds the suicide rate and for under age 10, where suicide rates
are not reported (Fig. 2.2). In contrast, the highest suicides rates across European
nations, the highest suicide rates are reported among people aged 65+ (21.9 per
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100,000 population and those aged 45–59 (21.5 per 100,000 population) (WHO
2014). Higher rates have been reported among those aged 85 years and older in
China ranging from 68.41 per 100,000 in large cities to 191.74 per 100,000 in rural
areas (Simon et al. 2013).

The male predominance of suicide (as much as three times higher than females)
is noted for all age groups across all nations with the exception in China, where
overall it is higher among females (Table 2.2).

Suicide rates are two-times higher among whites than nonwhites. Between 1999
and 2010, the suicide rates among whites increased 20.4 % from 11.3 deaths per
100,000 population to 13.6 per 100,000 (Fig. 2.3) (CDC 2013, April 5, 2013/62
(13);257). Ethnicity contributes to suicide risk when those groups are immigrants.
Suicide occurs at a disproportionately higher rate among persons in higher income
countries than among those in low- and middle-income countries with the exception
of low- and middle-income countries of Europe and Southeast Asia (Table 2.2)
(Norton and Kobusingye 2013).

Other population subgroups at risk for suicide include military personnel and
veterans, young parents, and those with various chronic medical conditions (e.g.,
schizophrenia, certain dementias, bipolar disorder, chronic pain, post traumatic
stressdisorder, and traumatic brain injury) (Trofimovich et al. 2012; Fawcett 2014;
Fazel et al. 2014; Hooley et al. 2014; Niederkrotenthaler et al. 2012).

Fig. 2.2 Suicide and Homicide Rates,* by Age Group—United States, 2009. MMWR:July 20,
2012:61(28);543. * Per 100,000 population in age group. Suicides are coded as *U03, X60–X84,
and Y87.0, and homicides are coded as *U01–*U02, X85–Y09, and Y87.1 according to the
International Classification of Diseases, 10th Revision. † 95 % confidence interval. § Suicide data
for persons aged 0–9 years are suppressed based on a child’s inability to form and understand
suicidal intent and consequences
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Table 2.2 Suicide rates per 100,000 by country, year and sex, for most recent year available as of
2011

Country Year Males Females

Albania 03 4.7 3.3

Antigua and Barbuda 95 0 0

Argentina 08 12.6 3

Armenia 08 2.8 1.1

Australia 06 12.8 3.6

Austria 09 23.8 7.1

Azerbaijan 07 1 0.3

Bahamas 05 1.9 0.6

Bahrain 06 4 3.5

Barbados 06 7.3 0

Belarus 07 48.7 8.8

Belgium 05 28.8 10.3

Belize 08 6.6 0.7

Bosnia and Herzegovina 91 20.3 3.3

Brazil 08 7.7 2

Bulgaria 08 18.8 6.2

Canada 04 17.3 5.4

Chile 07 18.2 4.2

China (selected rural and urban areas) 99 13 14.8

China (Hong Kong Sar) 09 19 10.7

Colombia 07 7.9 2

Costa rica 09 10.2 1.9

Croatia 09 28.9 7.5

Cuba 08 19 5.5

Cyprus 08 7.4 1.7

Czech Republic 09 23.9 4.4

Denmark 06 17.5 6.4

Dominican Republic 05 3.9 0.7

Ecuador 09 10.5 3.6

Egypt 09 0.1 0

El salvador 08 12.9 3.6

Estonia 08 30.6 7.3

Finland 09 29 10

France 07 24.7 8.5

Georgia 09 7.1 1.7

Germany 06 17.9 6

Greece 09 6 1

Grenada 08 0 0

Guatemala 08 5.6 1.7

Guyana 06 39 13.4
(continued)
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Table 2.2 (continued)

Country Year Males Females

Haiti 03 0 0

Honduras 78 0 0

Hungary 09 40 10.6

Iceland 08 16.5 7

India 09 13 7.8

Iran 91 0.3 0.1

Ireland 09 19 4.7

Israel 07 7 1.5

Italy 07 10 2.8

Jamaica 90 0.3 0

Japan 09 36.2 13.2

Jordan 08 0.2 0

Kazakhstan 08 43 9.4

Kuwait 09 1.9 1.7

Kyrgyzstan 09 14.1 3.6

Latvia 09 40 8.2

Lithuania 09 61.3 10.4

Luxembourg 08 16.1 3.2

Maldives 05 0.7 0

Malta 08 5.9 1

Mauritius 08 11.8 1.9

Mexico 08 7 1.5

Netherlands 09 13.1 5.5

New Zealand 07 18.1 5.5

Nicaragua 06 9 2.6

Norway 09 17.3 6.5

Panama 08 9 1.9

Paraguay 08 5.1 2

Peru 07 1.9 1

Philippines 93 2.5 1.7

Poland 08 26.4 4.1

Portugal 09 15.6 4

Puerto Rico 05 13.2 2

Republic of Korea 09 39.9 22.1

Republic of Moldova 08 30.1 5.6

Romania 09 21 3.5

Russian Federation 06 53.9 9.5

Saint Kitts and Nevis 95 0 0

Saint Lucia 05 4.9 0

Saint vincent and the Grenadines 08 5.4 1.9

Sao Tome and principe 87 0 1.8
(continued)
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2.2.3 Agents of Suicide

Agents of suicide exhibit variation by characteristics of the population and their
environmental circumstances. In the U.S., firearm suicides comprised 51 % (6.3 per
100,000 population) of the 38,364 suicide deaths in 2010. Of the drug-induced
deaths, 13.1 % were suicidal drug poisoning. Although access to lethal agents are
thought to be major risk factors, in nations where firearms are greatly restricted,
elevated structures, substances, or other means may prevail. For example, suffo-
cation has become the predominant method for committing suicide among ado-
lescents in Canada, hanging, strangulation and suffocation among men in the U.K.,
and access to toxic substances, such as pesticides in rural China (Li et al. 2012;
ONS 2014; Skinner and McFaull 2012).

Globally, European nations have among the highest suicide rates. The average
suicide rate in Europe is 13.9 per 100,000, with the highest rates in the Com-
monwealth of Independent States (CIS) (21.4 per 100,000), followed by the new

Table 2.2 (continued)

Country Year Males Females

Serbia 09 28.1 10

Seychelles 08 8.9 0

Singapore 06 12.9 7.7

Slovakia 05 22.3 3.4

Slovenia 09 34.6 9.4

South Africa 07 1.4 0.4

Spain 08 11.9 3.4

Sri lanka 91 44.6 16.8

Suriname 05 23.9 4.8

Sweden 08 18.7 6.8

Switzerland 07 24.8 11.4

Syrian Arab Republic 85 0.2 0

Tajikistan 01 2.9 2.3

Thailand 02 12 3.8

Tfyr Macedonia 03 9.5 4

Trinidad and Tobago 06 17.9 3.8

Turkmenistan 98 13.8 3.5

Ukraine 09 37.8 7

United Kingdom 09 10.9 3

United States of America 05 17.7 4.5

Uruguay 04 26 6.3

Uzbekistan 05 7 2.3

Venezuela 07 5.3 1.2

Zimbabwe 90 10.6 5.2
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EU countries (13.8 per 100,000). Even within the European Union, where the
overall average rate is 10.1 per 100,000 population, it rises as high as 30.7 per
100,000 population in Lithuania, 21.5 per 100,000 in Hungary, and 18.5 per
100,000 in Finland, and 18.4 per 100,000 in Slovenia (WHO 2014).

2.2.4 Risk Factors for Suicide

There are a number of risk factors identified for suicide. The most common ones
cited in the literature are displayed in Table 2.3. There is no single risk factor on its
own known to be causative, although depression is the most commonly identified
from forensic autopsies and other studies of those who have committed suicide.
Suicide typically results from a combination and interaction of a number of per-
sonal factors, including mental illness, marital difficulties, specifically divorce,
financial hardship, deteriorating physical health, fearlessness about death, a major
loss, as well as environmental factors such as lack of social support, economic
downturns (Europe, Americas) and residence in rural areas (China) (Chang et al.
2013; Fassberg et al. 2012; Hooley et al. 2014; Hor and Taylor 2010; Li et al. 2012;
Tang and Crane 2006). More recently, the social environment such as bullying and
social internet media providing advice on aspects of suicide methods are playing a
more prominent role as potential risk factors.

Fig. 2.3 Annual Age-Adjusted Death Rates*† for Suicide and Homicide, by Black or White Race
—United States,§ 1999–2010. April 5, 2013/62(13);257. * Deaths are coded as *U03, X60–X84,
and Y87.0 for suicide, and *U01–*U02, X85–Y09, and Y87.1 for homicide, as underlying causes
of death, according to the International Classification of Diseases 10th Revision. Rates include
deaths related to the events of September 11, 2001. † Rates have been revised by using populations
enumerated as of April 1, for 2000 and 2010, and intercensal estimates as of July 1 for all other
years. Therefore, the rates might differ from those published previously. § U.S. residents only
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2.3 Suicidal Thoughts and Nonfatal Suicidal Behaviors

When obtaining information about suicidal thoughts, plans, or attempts, it is important
to take note of the time interval in which the event occurred. Common time periods
ascertained are lifetime, recent history (<6months), baseline (within 30 days), or some
prospective measurement (since baseline, since last visit, within one year). Historical
measures are subject to recall bias. Thismeans that respondents tend to recall events in
the recent past better than those occurring more distantly. This could reflect why
certain groups would have a lower prevalence of these behaviors if their event was 12
months or more prior to the survey compared with others, whose event was only
onemonth prior to the survey. Persons in the former groupmight not report their event
because of recall bias, and so the finding might not mean that their rates were actually
lower. Prospective measurements are subject to survivorship bias meaning individ-
uals who died from suicide or other means may not have lived and thus might be
different from persons available for subsequent interviews.

Table 2.3 Risk factors for completed suicide

Risk factor

Schizophrenia

Downward economic cycle/unemployment

Easy access to lethal methods (e.g., access to firearms)

Family history of suicide

Family history of violence, including physical or sexual abuse

Previous suicide attempt(s)

History of or current mental disorders, particularly clinical depression

History of or current alcohol and substance abuse

Feelings of hopelessness

Impulsive or aggressive tendencies

Cultural and religious beliefs (e.g., belief that suicide is noble resolution of a personal dilemma)

Exposure to suicidal behavior of others, including from media

Isolation, a feeling of being cut off from other people

Barriers to accessing mental health treatment

Loss (relational, social, work, or financial)

Chronic medical conditions (e.g., chronic pain)

Unwillingness to seek help because of the stigma attached to mental health and substance abuse
disorders or to suicidal thoughts

20 D.M. Oleske



2.3.1 Data Sources for Nonfatal Suicidal Events

Population based data on nonfatal suicidal events provide important background
context for evaluating the impact of any programmatic or therapeutic intervention
or change in public policy.

The World Mental Health (WMH) Survey Initiative is a source of information
about suicidal behavior and various mental disorders, risk factors, and their treat-
ment in the general. The WMH surveys were conducted 17 countries in Africa, the
Americas, Asia, and the Pacific, Europe, and the Middle East (Nock et al. 2008).

The National Comorbidity Survey Replication (NCS-R) is a probability sample
of the United States carried out a decade after the original 1992 NCS (NCS-1) was
conducted. The NCS-R repeats many of the questions from the NCS-1 and also
expands the questioning to include assessments based on the diagnostic criteria of
the American Psychiatric Association as reported in the Diagnostic and Statistical
Manual-IV (DSM-IV), 1994. The two major aims of the NCS-R were first, to
investigate time trends and their correlates over the decade of the 1990s, and
second, to expand the assessment in the baseline NCS-1 in order to address a
number of important substantive and methodological issues that were raised by the
NCS-1. The NCS-R is part of the Collaborative Psychiatric Epidemiology Surveys
(CPES) data collection. Data and documentation for NCS-R can be accessed
through the CPES Web site. The NCSR conducted the first national survey of US
adolescents (NCS-Adolescent Suppl3ment) assessing a wide range of DSM-IV
suicidal behaviors using structured diagnostic interviews (Nock et al. 2013).

The National Survey on Drug Use and Health (NSDUH) is an annual nationwide
survey of a representative sample of the civilian, noninstitutionalized U.S. population
aged ≥12 years. NSDUH collects data on adverse health consequences related to the
use of illicit drugs, alcohol, and tobacco; initiation of substance use; substance use
disorders and treatment; health care; and mental health. The suicide-related questions
from NSDUHmay be correlated with population demographics and the presence of a
risk factor (e.g., major depressive episode), its duration and severity.

2.3.2 Age, Sex, Race, and Geographical Region Variations
in Suicidal Thoughts and Nonfatal Suicidal Behaviors

There is marked variation in the prevalence of suicidal thoughts, plans, and attempts
by age, sex, gender, and other demographic characteristics across nations and
within nations (Casey et al. 2006; Crosby et al. 2011; Nock et al. 2008; Simon et al.
2013). Demographic, social, and access to health care could explain most of the
cross-country variation, although there are some similarities in patterns. Results
from the World Mental Health Surveys display the prevalences of these behaviors
for individuals 18+ years are displayed in Table 2.4. Across all countries studied,

2 Epidemiology 21



the lifetime prevalence (standard error) of suicidal ideation, plans, and attempts is
9.2 % (0.1), 3.1 % (0.1), and 2.7 % (0.1). The prevalence of each of these varied
widely by country. Although these prevalences appear small, when translated on a
population basis, the extent of the impact becomes profound. For example, in the
U.S., during 2008–2009, 0.5 % of the adult population reported having made a
suicide attempt or an estimated 1 million (annual average) persons. Sixty percent of
transitions from ideation to plan and attempt were estimated to occur within the first
year after ideation onset in both adults and children (Nock et al. 2008, 2013).
Further details on the prevalences of these according to more detailed population
characteristics for the U.S. adults are listed in Table 2.5. By comparison, among
adolescents in the U.S., the lifetime prevalences of suicide ideation, plans, and
attempts were 12.1, 4.0, and 4.1 %, respectively, rates higher than in the overall
adult population (Nock et al. 2013). Noteworthy in these statistics combined are
that suicidal thoughts (or ideas) are not uncommon in the population ranging from
15.9 % in New Zealand to 3.0 % in Italy. Accordingly, plans are less frequently
reported, ranging from 5.6 % in New Zealand to 0.9 % in China. The prevalence of
attempts is of similar magnitude to prevalence of those making suicidal plans,
ranging from 0.5 % in Italy to 5.0 % in the U.S. (Table 2.4).

2.3.3 Risk and Protective Factors for Suicidal Thoughts
and Behavior

There are a number of risk factors for nonfatal suicidal thoughts and behavior many
of which are also associated with a fatal suicide (Table 2.6). Similarly, these also
vary by age, gender, race, and ethnic group. Consistently among countries, the
strongest association with suicidal thoughts and behaviors is depression, particu-
larly severe depression, despite variability in the prevalence of this factor across
nations (Casey et al. 2006; Nock et al.2008). Other populations at risk for self-harm
include those with dementia or psychiatric disorders, particularly schizophrenia. In
these populations, the risk is further increased with the presence of comorbidites
such as depression (Haw et al. 2009; Radomsky et al. 1999). An increased risk of
suicide attempts after benzodiazepine and/or antidepressant use has been reported
(Neutel and Patten 1997). Caution should be used in attributing prescription drug
use and suicidal thoughts and behavior among persons with psychiatric behaviors
as the association may be from a confounding by indication. Protective factors
should also be considered as these are associated with a lower risk of suicidal
behaviors. Both are listed in Table 2.6.
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2.4 Conclusion

There are a number of challenges in assessing suicide risk and suicidal behavior in
populations. Among these are changing environmental factors and their differential
distribution among population subgroups. But uniform in concern is that suicide
rates are trending upwards in many countries and population subgroups despite a
recognition that suicide data may be under reported due to the difficult nature of
classifying suicide and the time lag in determining this as a cause of death. The
epidemiological concepts underlying suicide and suicidal behavior illustrate a
complex pathway to either fatal or nonfatal self-harm and present a challenge in
developing preventive strategies. The factors that give rise to these events are
highly subject to personal and environmental characteristics, whose influences are
changed over time because of social, cultural, and economic conditions. Thus, the
interpretations of any measures of such must consider to what degree biases enter
into how their measurement and reporting could affect the underlying true rates.

Table 2.6 Risk and protective factors for suicidal thoughts and nonfatal suicidal behaviors

Risk factor (See also Risk Factors in Table 2.3)

Low birth weight

Young maternal age at birth

Young paternal age at birth

Life events without help (women)

Severity of depressed mood (Beck’s depression inventory score >13)

Schizophrenia

Post traumatic stress disorder

Major depressive disorder

Disruptive behavior disorders

Certain forms of dementia

Protective factors

Effective clinical care for mental, physical, and substance abuse disorders

Easy access to a variety of clinical interventions and support for help seeking

Family and community support (connectedness)

Support from ongoing medical and mental health care relationships

Skills in problem solving, conflict resolution, and nonviolent ways of handling disputes

Cultural and religious beliefs that discourage suicide and support instincts for self-preservation
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Chapter 3
Treatment Emergent Suicidal Ideation
and Behavior

Sian L. Ratcliffe, Phillip B. Chappell, Janel Boyce-Rustay,
Svetlana Gloukhova and Denise M. Oleske

Abstract The concept of treatment emergent suicidality during clinical trials has
been a subject of regulatory and research interest, especially since the early 1990s.
A key series of analyses have shaped the regulatory environment for expectations of
prospective assessment of suicidal ideation and behavior (SIB) in clinical trials. The
development of a scale for prospective assessment of these events has been a key
priority in order to detect emergent signs during the course of a clinical trial and to
assist in patient selection criteria of suicide risk. The maturing regulatory envi-
ronment and increasing evolution in thinking on definitions of SIB have under-
pinned significant changes in the main assessment scale, the Columbia Suicide
Severity Rating Scale (C-SSRS), as well as in the standard adopted by the FDA for
coding, summarizing, and analyzing SIB data, the Columbia Classification Algo-
rithm for Suicide Assessment (C-CASA). For new drugs undergoing clinical
development, assessment of SIB is incorporated into benefit/risk decision-making
and continuing risk management approaches throughout the pharmaceutical
industry and academia. A number of companies have developed internal guidances,
which may include quantitative decision-criteria (i.e., based on binding data at CNS
targets) or qualitative clinical judgment (i.e., based on mechanistic understanding
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and emerging safety profiles) of drug candidates that may require the inclusion of
prospective SIB tools. In this chapter, we will provide an overview of the regulatory
history surrounding treatment emergent SIB and will outline a number of structured
qualitative steps for prospective SIB assessment.

3.1 Introduction

The detection of treatment emergent suicidal ideation and behavior (SIB) during
clinical trials has been a subject of interest for researchers and regulators alike since
the early 1990s with the controversial possibility that antidepressants might para-
doxically contribute to the risk of suicide ideation (i.e., suicidal thinking) and sui-
cidal behavior (i.e., suicide attempts, preparatory behaviors or suicide completions).

Research into suicide is fraught with methodological problems, including lack of
definition and clarity. The problem of definition has been complicated by the use of
the term “suicidality”, which lumps together suicidal ideation, self-injurious
behavior, suicide attempts, and completed suicide despite their very different
consequences to the patient. The general term suicidality is not considered to be
adequately specific or as clinically useful as more precise terminology (ideation,
behavior, attempts, and suicide). In addition, epidemiological findings suggest that
suicidal ideation is not a strong predictor of a suicide attempt, although approxi-
mately one-third of those who think about suicide at some point in their lives later
make a suicide attempt (Nock et al. 2009a, b). Furthermore, psychological autopsy
studies have found frequent expression of suicidal thoughts before completed
suicide, with one meta-analysis showing 50–66 % of people who complete suicide
have disclosed their ideation or intent to those around them (Cavanagh et al. 2003).

The use of more precise terms to describe SIB has now emerged following
expert working groups, systematic historical clinical trial analyses, clinical trial
methodology workshops and discussion with regulatory authorities. SIB refers to
suicidal behavior (completed suicide, suicide attempts, interrupted attempts, aborted
attempts, and preparatory acts toward imminent suicide) and suicidal ideation
(active and passive). Suicidal behavior must be distinguished from self-injurious
acts or behaviors without suicidal intent that may actually be a mechanism to gain
attention and/or attempts to manipulate the environment.

The development of a scale for prospective assessment of these events has been
a key priority in order to detect emergent signs during the course of a clinical trial
and to assist in patient selection criteria of suicide risk. While it is important for
prospective risk assessment to include specific focused questions on suicidal ide-
ation, narrowing the time period for this has been the subject of methodological
discussion. The expression of suicidal ideation and threats is relatively common.
Therefore, it is difficult to identify the small percentage of a large number of
ideators who will progress to a suicide attempt. Narrowing down the timeframe to
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the past 12 months is one way to ensure better identification of those ideators who
may subsequently be at greater risk of suicide attempt (Nock et al. 2009a).

In addition to considering the specific manifestations of SIB, it is important to
recognize that there are other risk factors that influence the risk of suicide. There is
no clearly defined combination of risk factors that has sufficient sensitivity and
specificity to predict who among a group at risk will make an attempt or com-
pletion, or the circumstances or timing of this (Goodwin and Jamison 2007), as
there are a number of general, chronic, and short-term risk factors for suicide.
Interestingly, and somewhat surprisingly, subjects with depression and suicidal
ideation, although a risk group, are not the leading group at risk for progression to a
suicide attempt. Ideators with anxiety or impulse control disorders (i.e., conduct
disorder and post-traumatic stress disorder, PTSD) showed a higher likelihood, or
predictive power, for making a suicide attempt as reported in the National
Comorbidity Survey Replication in US adults (Nock et al. 2009a, b). An anxiety
disorder is an independent risk factor for suicidal ideation and suicide attempts.
Comorbid anxiety and mood disorders have been shown to further increase the risk
compared with a mood disorder alone (Sareen et al. 2005).

There have been a key series of analyses of drug classes that have shaped the
development of scales, in particular, the Columbia scale and algorithm and the
regulatory expectation of its broad application across many clinical trials. The most
prominent of these are the meta-analyses of antidepressant clinical trial data that
underpinned the FDA’s conclusions that: (1) the risk of SIB was greatest among
children and adolescents taking antidepressants versus placebo OR = 2.2 (95 % CI
1.4 − 3.6), followed by young adults aged 18–24 OR = 1.55 (95 % CI 0.91 − 2.7),
and the risk appears to go down with age (e.g., ages 25–30, OR = 1.00; ages 31–64,
OR = 0.77; ages 65+, OR = 0.39); and (2) the risk of suicidality was stronger for
non-depressed psychiatric patients as compared with depressed ones. (Institute of
Medicine 2010; Hammad et al. 2006; Stone et al. 2009). This latter finding led to
ramifications for antidepressant and other centrally acting medicines, especially in
indications other than depression. Other post hoc analyses have indicated that anti-
epileptic drugs (AEDs) might also increase suicide risk (FDA analysis 2008;
Pompili and Tatarelli 2010; Pompili et al. 2010). Several recent studies, however,
have yielded inconsistent findings in relation to risks with specific AEDs, never-
theless levetiracetam, lamotrigine, and topiramate were among the top three anti-
convulsants associated with the highest observed risk of suicidal behaviors in at
least two of the six reported analyses (FDA analysis 2008; Gibbons et al. 2009;
Andersohn et al. 2010; Van Cott et al. 2010; Patorno et al. 2010; Olesen et al.
2010). Most of the studies as well as epidemiological studies identify psychiatric
comorbidities in epilepsy as important factors that increase the propensity toward
suicide and suicidal behaviors (Arana et al. 2010; Pompili and Baldessarini 2010).

In addition to the regulatory and clinical focus on identifying suicidal ideation
associated with antidepressant use, research has been ongoing into potential genetic
markers of susceptibility to treatment emergent suicidal ideation (TESI). Although
family and twin studies have been conducted and have estimated the heritability of
suicidal behavior to be 30–55 % (Brent and Mann 2005; Statham et al. 1998), no
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such formal evidence has been established for TESI, probably due to the rareness
and transience of the event that cannot be assessed by the usual genetic epidemi-
ological methods. A genetic influence on this trait could be likely, based on a
number of reports about the association of TESI with genetic markers (Brent et al.
2010; Perroud 2011). Two genome wide association studies (GWAS) have iden-
tified association between genetic variants and emergent or worsening suicidal
ideation upon antidepressant treatment. In the Sequenced Treatment Alternatives to
Relieve Depression (STAR*D) trial, variants in the genetic loci encoding papilin
and the IL-28 α-receptor were identified (Laje et al. 2009). In the Genome-Based
Therapeutic Drugs for Depression (GENDEP) study, a genetic marker in the
vicinity of the guanine deaminase (GDA) gene has been associated with emergent
or worsening of suicidal ideation (Perroud et al. 2012). In a recent GWAS study
that investigated associations between TESI and single nucleotide polymorphisms
(SNPs) in a naturalistic pharmacogenetic study of patients with depressive disorder,
a subset of 14 SNPs were associated with TESI and had supportive genetic evi-
dence (Menke et al. 2012). Of these, nine variants were located in or nearby genes
previously linked to bipolar disorder (RHEB, TMEM138 and CYBASC3) and one
variant in a gene also associated with schizophrenia and neurodegeneration
(PIK3C3). Despite the limited sample size, the results from this GWAS study
suggest that genetic markers may be used as tools to identify patients at risk of TESI
in the future.

3.2 Historical Perspectives and Regulatory History

Assessment of SIB in clinical trials continues to be an area of active regulatory
concern. Reviewing the US regulatory history is important to put into context the
current guidance for prospective assessment of SIB in clinical trials. The maturing
regulatory environment and increasing evolution in thinking on definitions of SIB
have underpinned significant changes in the main assessment scale, the C-SSRS, as
well as in the standard adopted by the FDA for coding, summarizing and analyzing
SIB data, the C-CASA.

While a number of global regulatory authorities have expressed interest in the
prospective assessment of SIB in clinical trials, few other than the FDA have
provided specific guidance on assessment tools and expectations for industry. The
FDA issued a number of communications pertaining to the risk of SIB with indi-
vidual drugs or classes of drugs via post-marketing safety updates. Thus, the reg-
ulatory history provides a useful background to the current global landscape and
recommendations in the FDA Guidance document, as discussed below (see
Fig. 3.1).

European Regulators were the first to post restrictions on the use of antide-
pressants. In 2003, the UK Medicines and Healthcare Products Regulatory Agency
(MHRA) initiated urgent safety restrictions to contraindicate the use of selective
serotonin reuptake inhibitor (SSRI) antidepressants, with the exception of
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fluoxetine, in children and adolescents. This had followed comprehensive reviews
of pediatric depression clinical trial data by the Committee on Safety of Medicines
(CSM). The MHRA stated that “on the basis of this review of the available clinical
trial data, CSM has advised that the balance of risks and benefits for the treatment
of major depressive disorder (MDD) in under 18s is judged to be unfavorable for
sertraline, citalopram, and escitalopram, and is unassessable for fluvoxamine. Only
fluoxetine (Prozac) has been shown in clinical trials to have a favorable balance of
risks and benefits for the treatment of MDD in the under 18s” (MHRA 2003).

Subsequently in 2004, after lengthy analysis and review of clinical trial data,
FDA required that labeling of specific antidepressants carry black box warnings,

Fig. 3.1 Regulatory history and perspectives on SIB assessment. a 1991–2008 b 2009–2013
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intended to alert healthcare providers and patients to increase monitoring of trou-
bling symptoms. At the time of these regulatory actions, many public health and
mental health professionals (MHPs) were concerned that deterring the prescription
of antidepressants might lead to undertreatment of depression and in turn to an
increase in suicide rates for untreated MDD. Two published studies highlighted this
concern, indicating that between 2003 and 2005 in the US there was a 20 %
reduction in prescription of antidepressants and, at the same time from 2003 to
2004, an increase in youth suicide rate by 14 % (Gibbons et al. 2007) and new
diagnoses of depression in pediatric populations dropped by 44 % (Libby et al.
2009). In addition, previous pharmacoepidemiologic studies had reported that
adolescent suicide rates had declined in the early 1990s, related to increasing use of
antidepressant drugs in this population (Fergusson et al. 2000, 2005; Gibbons et al.
2006; Olfson et al. 2003; Sondergard et al. 2006; Simon 2006; Valuck et al. 2007).

Subsequent to the regulatory reviews of antidepressant medication, TESI was the
focus of further analyses for other classes of centrally acting drugs, particularly
anticonvulsants, antipsychotics, and anxiolytics. These analyses resulted in a num-
ber of regulatory labeling changes and/or risk management actions as a result (see
Table 3.1 for further details). Risk management actions typically focus on ensuring
appropriate warnings and wording are reflected in patient materials, such as medi-
cation guides, as well as the physician prescribing information. Not all warning
language in the product information includes both SIB. For example, product
information for Strattera (atomoxetine) described suicidal ideation risks. While a
number of the regulatory analyses and reviews were conducted as class reviews (e.g.,
antidepressants, antiepileptic drugs), not all assessments of SIB relied on data from
across compounds (e.g., Strattera is the only ADHD medication with specific
warning language for suicidal ideation). A consistent feature across the product
labeling for compounds (Table 3.1) is the inclusion of other psychiatric symptoms
that may be associated with increased risk of SIB, including mood disturbances,
anxiety and/or disturbing thoughts. In addition, recent labeling inclusions for anti-
depressants have referenced a lowering of suicidal risk in the >65-year age group,
based on reviews showing lowered relative risk of events in this age group.

3.3 US Regulatory Guidance on SIB

The result of the regulatory focus on SIB is the need to implement prospective
assessment for treatment emergent SIB in clinical trials for CNS-active medicines.
In addition, the same assessment tools can be used to measure prior history of
suicidal ideation or behavior, and the implementation of other psychiatric screening
tools are helpful to elucidate current or history of psychiatric comorbidities.

The FDA’s first draft guidance document, entitled “Suicidality: Prospective
Assessment of Occurrence in Clinical Trials” was issued in September 2010. The
main rationale for this document was to “Ensure patients who are experiencing
suicidality are properly recognized and adequately treated.” In addition, the
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guidance was intended to “Ensure collection of more timely and more complete
data on suicidality to better detect increased suicidality in individual studies and in
pooled analyses. This is important whether or not a particular drug is known to be
associated with treatment-emergent SIB.” Subsequently, in August 2012, the FDA
issued a revised draft guidance document, entitled “SIB: Prospective Assessment of
Occurrence in Clinical Trials”. The revised FDA guidance reflects the FDA’s
current thinking on the importance of assessment of SIB in psychiatric and non-
psychiatric drug trials conducted under Investigational New Drugs (INDs) and
general principles for how best to accomplish SIB assessment in drug development.

The major revisions in the FDA’s revised draft guidance of August 2012 include
the following:

• The term suicidality is replaced with the phrase suicidal ideation and behavior.
• An expanded set of the C-CASA categories is provided, along with definitions

and explanations.
• The advice on particular trials and patients that would need assessments of SIB

and the timing of such assessments is revised.
• Concerns about the time burden of assessments are addressed.
• Questions about the possible value of the assessments providing protection for

patients in the trials themselves are discussed.
• It is made clear that use of an assessment instrument that directly classifies

relevant thoughts and behaviors into C-CASA categories eliminates the need for
any additional coding.

• Additional advice on evaluation of alternative instruments is provided.

The scope of the revised FDA draft guidance encompasses both psychiatric and
neurologic drugs as well as drugs for nonpsychiatric indications (e.g., isotretinoins,
other tretinoins, beta blockers, reserpine, smoking cessation drugs, and drugs for
weight loss). The revised FDA draft guidance was adopted by the Division of
Psychiatry Products, and the Division of Neurologic Products. It is anticipated that
the draft guidance will become the standard approach for other FDA divisions as
well [such as the Division of Pulmonary, Allergy and Rheumatology Products (with
regard, especially, to leukotriene-modifying drugs)]. It is unclear when the 2012
draft guidance will be finalized.

3.4 The Columbia Suicide Severity Rating Scale

The 2010 draft FDA guidance recommended the use of a particular SIB assessment,
the C-SSRS. This instrument was designed to be used prospectively in clinical trials
and was intended to systematically ascertain and document the occurrence of sui-
cidal events. These events were defined as indicative of SIB based on the use of the
retrospective tool, the C-CASA (Posner 2009; see Table 3.2). The C-CASA was
developed by Kelly Posner and her team at Columbia University. C-CASA
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provided a common language to classify SIB data derived from retrospective
examination of clinical trial submitted to FDA.

C-CASA is the retrospective counterpart of the more detailed prospective
classification instrument, the C-SSRS. It contains a 1–5 numerical rating scale for
suicidal ideation of increasing severity (from a “wish list to die” to an “active
thought of killing oneself with plan and intent”). By contrast, the C-CASA in the
2010 FDA guidance only had one ideation item (classification 4). How the
C-CASA and C-SSRS mapping is done is shown in Fig. 3.2.

The 2012 revision continues to emphasize the use of the C-SSRS and highlights
that it classifies SIB events directly to the 11 expanded C-CASA categories without
the need for additional narratives or coding. This direct classification of events is
viewed by the FDA as one of the C-SSRS’s strengths.

The standard adopted by the FDA for coding, summarizing and analyzing SIB
data in the 2012 revision of the draft guidance is an expanded version of the
C-CASA. This version has 11 categories in total: 5 for suicidal ideation, 5 for
suicidal behavior, and 1 for self-injurious behavior with no suicidal intent. Data
collected for assessment (whether retrospectively or prospectively) must be clas-
sified into these 11 categories as defined by the FDA (see Table 3.3 for a listing of
the categories).

The revised draft FDA guidance does state that other appropriate prospective
SIB assessments can be used and instructs sponsors to discuss proposed alternatives
with the relevant review division prior to implementing them. For example, the
FDA’s view of the Sheehan Suicide Tracking Scale (S-STS) and in particular its
ability to classify SIB events into the 11 expanded C-CASA categories, is not clear
at this time.

Fig. 3.2 C-SSRS and C-CASA mapping per Posner (2009)

3 Treatment Emergent Suicidal Ideation and Behavior 41



3.5 European Regulatory Guidance

Unlike the FDA, the European Medicines Agency (EMA) has not yet produced a
guidance document specific to assessing SIB in clinical trials. However, in 2010,
the EMA identified SIB as a priority in a “2010 Priorities for Drug Safety Research”
paper calling for increased research into suicide research methodologies (Issued 4
August 2009). Of particular interest in this paper, are methods to separate suicide
associated with certain diseases from treatment for those diseases. In addition, SIB
was incorporated into disease specific guidances as part of underlying disease as
well as the risk assessment thereof. Disease-specific guidances that encompass
suicidal ideation and behaviour include those for: Alcohol dependence, Attention
Deficit Hyperactivity Disorder, Depression, Epileptic Disorders, Multiple Sclerosis,
Obsessive Compulsive Disorder, Panic Disorder, Post Traumatic Stress Disorder,
and Treatment of Smoking. The most recently issued guidances include a statement
that C-CASA is an available tool that can be used in these assessments, although
there is no explicit expectation to use this tool. Many European clinical trial
investigators are familiar with use of the MINI neuropsychiatric interview for
assessment of suicide risk at baseline, and have used depression scale suicide-
specific items/questions for detection of suicidal symptoms. There is growing
familiarity with the use of C-SSRS in global clinical trials, although the construct of
the scale is still thought to be very US-centric. Product labels in Europe incorporate
similar warning language in the Special Precautions and Warnings for Use section

Table 3.3 Revised guideline (2012) suicidal ideation and behavior events and categoriesa

Category Event

Suicidal ideation

1 Passive

2 Active: nonspecific (no method, intent, or plan)

3 Active: method, but no intent or plan

4 Active: method and intent, but no plan

5 Active: method, intent, and plan

Suicidal behavior

1 Completed suicide

2 Suicide attempt

3 Interrupted attempt

4 Aborted attempt

5 Preparatory actions toward imminent suicidal
behaviors

Self-injurious behavior, no suicidal
intent

Self-injurious behavior, no suicidal intent

a From the revised FDA Guidance (August 2012): “according to the C-SSRS, the definition of
plan includes intent (i.e., intent to complete suicide is implicit with the concept of plan). Thus,
there is no need for the category method and plan, but no intent.”

42 S.L. Ratcliffe et al.



of the Summary of Product Characteristics for all of the products with suicidality
warning in the US Product Information.

3.6 Impact of FDA Guidance on Clinical Trials

For new drugs undergoing clinical development, assessment of SIB is incorporated
into benefit/risk decision-making and continuing risk management approaches
throughout the pharmaceutical industry and academia. A number of companies
have developed internal guidances, which may include quantitative decision-criteria
(i.e., based on binding data at CNS targets) or qualitative clinical judgment (i.e.,
based on mechanistic understanding and emerging safety profiles) of drug candi-
dates that may require the inclusion of prospective SIB tools. In this section, we will
outline a number of structured qualitative steps that are common throughout most
large pharmaceutical companies.

Based on the 2012 revision of the FDA guidance, trials conducted under an IND
in the following specific categories should address plans for SIB monitoring:

• CNS Drug Candidates:
Prospective SIB assessments should be carried out in all inpatient and outpatient
clinical trials involving any drug being developed for a psychiatric indication
(i.e., those indications managed in the Division of Psychiatry Products), as well
as for all antiepileptic drugs and other neurologic drugs with CNS activity.
These trials include multiple-dose Phase 1 trials involving healthy volunteers.
Questions on what constitutes CNS activity can be directed to the Division of
Neurology Products, although some companies make this decision based on
CNS clinical signs in preclinical studies, evidence of or expected brain pene-
tration, as well as functional pharmacological data on typical CNS target
receptors, ion channels, or transporters (typically through in vitro profiling).

• Non-CNS drug Candidates:
Although prospective SIB assessments are not required for compounds/drugs
that do not have overt CNS effects, there are some types of trials in this category
for which the draft FDA guidance recommends that prospective SIB assess-
ments be performed. This includes all clinical trials for drugs that are phar-
macologically similar to drugs where possible signals of risk for SIB have been
identified, including isotretinoin and other tretinoins, beta blockers (especially
those entering the brain), reserpine, drugs for smoking cessation, and drugs for
weight loss.

Leukotriene-modifying drugs are not explicitly discussed in the August 2012
Guidance; however, emerging regulatory intelligence for similar agents suggests
that there is an expectation by the Division of Pulmonary, Allergy, and Rheuma-
tology Products for inclusion of SIB assessment with agents acting in the leuko-
triene pathway.
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In addition to mechanistic assessment of new treatments under development, the
underlying disease under study and patient population specific considerations need
to be taken into account when evaluating prospective SIB assessment. In particular,
if the intended indication is one in which the background rate of SIB is considered
to be elevated compared with the general population, or if patients have overlapping
comorbidity with mood and/or anxiety disorders, then prospective assessment of
SIB is recommended. Figure 3.3 outlines a high level structured decision tree for
evaluation of SIB in clinical trials.

Besides the C-SSRS or alternative structured SIB assessment tool, collection of
narratives can also add valuable information, especially if there are additional notes

Fig. 3.3 Structured criteria for inclusion of SIB assessment in clinical trials a High level criteria.
b CNS-activity
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from MHP referral in response to the C-SSRS questions. A pre-planned Safety
Narrative Plan for a trial should describe what events will require a narrative for the
clinical study report and consideration should be made for events associated with
SIB. Information for the narrative should be obtained from screening and baseline
evaluations, data collected during the subject’s participation in the trial and any
MHP assessments. For drug candidates for which a medically significant SIB con-
cern has not been identified, treatment emergent SIB adverse events that are spon-
taneously reported should have additional information collected at the time the event
is reported to facilitate retrospective coding to C-CASA, if required. The following
information is useful to obtain in a Narrative Guide to facilitate supplementary data
collection and to help understand full details of a patient’s risk for SIB.

Adverse events that may trigger a SIB narrative:

• Suicidal ideation
• Suicidal behaviors and gestures, including preparatory acts for suicide and

actual attempts
• Self-injurious behavior or injury
• Completed suicides
• Adverse events that might initially appear accidental or unrelated to SIB, but

could potentially have suicidal/self-injurious intent (Overdose, Poisoning,
Intoxication, Motor vehicle accidents, Cuts/lacerations, Burns, Gunshot injuries)

• Other Deaths (drowning, asphyxiation/suffocation, etc.)
• Potential SIB-related adverse events or other clinical observations may, based

on the judgment of the investigator, trigger a narrative. Suicidal Ideation

Supplemental data to collect for a SIB narrative:

• Suicidal Ideation

– Passive ideation (“wish to be dead”; thoughts of wanting to be dead without
plan or intent)

– Nonspecific suicidal thoughts (general thoughts of killing oneself without
actual intent or plan)

– Active suicidal ideation (thoughts of killing oneself with actual plan and
intent)

• Suicidal Behavior

– Were there any preparatory acts? (Steps toward suicide such as buying a
gun, hoarding medications)

– Was there an actual attempt? (Including attempts stopped by the subject or
interrupted by someone else)

– Was there evidence that the patient intended to die by his/her behaviors?
(Putting affairs in order, giving away personal possessions, writing a note)

• Was there self-injurious behavior without suicidal intent? (e.g., manipulative
gesture)

• Was the event or behavior due to an underlying psychiatric condition?
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• Was the event or behavior due to an accident or underlying medical condition?
• If a Completed Suicide

– How and where did the patient kill himself/herself?
– How was the patient discovered and by whom?
– Did the patient leave a note?
– Did the patient make or relay active plans or preparations? Were there any

warning signs?
– Was a triggering event identified?
– Did the patient overdose on study drug?

• Did the event occur in the context of any of the following: Symptoms of
depression, mania, psychosis, Drug or alcohol abuse

Useful information to determine relevant risk factors:

• Social*/family stressors
• School/academic stressors (e.g., failing classes, lack of peer acceptance)
• Drug/alcohol use by subject
• Physical or sexual abuse
• Traumatic personal event—specify
• Depressed mood/despair/hopelessness
• Severe psychotic symptoms (e.g., command voices, guilt delusions)
• Comorbidity (physical or mental)
• (*Social stressors might include separation, bereavement, moving house,

financial, legal, medical, unemployment, housing, dependents, workplace stress)
• Is there a history of previous suicidal ideation/plans or attempts?
• Previous suicidal ideation or plans
• Previous suicidal attempts or behaviors
• Is there a history of previous deliberate self-injurious behaviors
• Is there a family history of suicide ideation/plans/behaviors or completed

suicide?
• Is there a family history of psychiatric illness, substance or alcohol abuse/

dependence?

Is there any previous psychiatric history in the subject and/or family not docu-
mented above?

3.6.1 Phase 1 Studies

The FDA Guidance (August 2012) specifies that in multiple dose inpatient Phase 1
studies, the SIB assessment should be completed at any visit where a symptom
assessment (scheduled or unscheduled) is conducted, but is not necessary when non
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symptom assessments are performed (e.g., vital signs). For multiple dose studies
with dosing periods longer than 1-week in duration, it is helpful to extend the SIB
assessment to be administered at least weekly while the subject is being dosed. The
SIB assessment can also be administered at the discretion of the investigator, based
on any reasonable concern, at any time during the study.

According to the revised FDA Guidance (August 2012), it is no longer necessary
to perform prospective SIB assessments in Phase 1 single dose trials in healthy
volunteers or in microdose trials (i.e., using doses that are not expected to have a
measurable pharmacological effect). However, SIB adverse events that are spon-
taneously reported in this category of trials should have additional information
collected at the time the event is reported (see above narrative guide insets).

If a positive finding suggestive of SIB is detected in a Phase 1 study, an SIB risk
assessment (by a qualified mental health professional) should be completed within a
clinically reasonable timeframe as determined by the study principle investigator,
taking into account the severity of the finding and subject history.

3.6.2 SIB Assessment in Phase 2/3 Blinded, Controlled Trials

This section will focus on the use of screening instruments to exclude or assess the
baseline risk of subjects entering in psychiatric and neurologic clinical trials, and
the detection of potential treatment emergent SIB. A number of scales in addition to
the required C-SSRS assessment are often implemented by many companies con-
ducting clinical studies. As the C-SSRS is a clinician-administered scale, it is often
helpful to balance this with self-rated instruments or other instruments that assess
psychiatric comorbidity also.

3.6.3 Selection and Screening Instruments: Psychiatric Trials

Studies of adult subjects with psychiatric indications are now expected to include
the C-SSRS, and many companies also include a self-rated instrument such as the
Suicidal Behaviors Questionnaire-Revised (SBQ-R; Osman et al. 2001) at the
screening visit to detect possible SIB. In typical practice, a risk assessment is
required by a qualified MHP to assess whether it is safe for the subject to participate
in the trial if the subject’s responses on any of the screening instruments indicate:
(1) the subject may have had suicidal ideation associated with actual intent and a
method or plan in the past year, (2) any history of suicidal behavior in the past
5 years, (3) any lifetime history of serious or recurrent SIB, (4) the subject meets
criteria on the SBQ-R (i.e., total score ≥ 8), or (5) in the investigator’s judgment a
risk assessment is required. (The recommended look-back period for suicidal
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behavior is 5 years; however, a longer look-back period may need to be used
dependent on the patient population or indication.)

A qualified MHP is a clinically-qualified MHP with appropriate training in the
assessment of suicide risk, according to local clinical practice standards and reg-
ulations, who would normally evaluate the risk for SIB in a patient. In the United
States, in addition to psychiatrists (board certified or board eligible), clinically
qualified MHPs include the following: (1) Psy. D. or Ph.D. level Clinical Psy-
chologists, (2) licensed Master’s level Clinical Social Workers (LCSW), or (3)
licensed Psychiatric Nurse Practitioners (PNP), who have specific training and
experience in the assessment and management of acutely suicidal patients. The
qualification of MHPs has been the subject of previous regulatory scrutiny of
clinical trial conduct, and therefore these details are critically important to the
quality of data obtained in such clinical trials.

3.7 Selection and Screening Assessments for Adult Patients
(Neurologic Indications)

Studies in adult subjects with neurologic indications (epilepsy, neuropathy, stroke,
etc.) are expected to include the C-SSRS, and other instruments such as the Suicidal
Behaviors Questionnaire Revised (SBQ-R), and the Patient Health Questionnaire-8
(PHQ-8; Kroenke and Spitzer 2002) are helpful at the screening visit to detect
possible SIB and depression. Subjects may either be excluded or have a risk
assessment done by a qualified MHP to assess whether it is safe for them to
participate in the trial if the subject’s responses on any of the screening instruments
or other screening information indicate:

• Suicidal ideation associated with actual intent and a method or plan in the past
year: “Yes” answers on items 4 or 5 of the C-SSRS.

• Previous history of suicidal behaviors in the past 5 years: “Yes” answer (for
events that occurred in the past 5 years) to any of the suicidal behavior items of
the C-SSRS.

• Any lifetime history of serious or recurrent suicidal behavior. [Non-suicidal self-
injurious behavior is not a trigger for a risk assessment unless in the investi-
gator’s judgement it is indicated.]

• SBQ-R total score ≥ 8.
• Clinically significant depression: PHQ-8 when the total score ≥ 15.
• The presence of any current major psychiatric disorder that is not explicitly

permitted in the inclusion/exclusion criteria.
• In the investigator’s judgment a risk assessment or exclusion is required.
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3.8 Detection of Emergent SIB During the Course
of Clinical Trials (Psychiatric and Neurologic
Indications)

Studies of adult subjects in psychiatric and neurologic indications typically include
the C-SSRS at every visit to detect possible SIB. At the baseline (randomization)
visit, if there are “yes” answers on items 4, 5, or on any behavioral question of the
C-SSRS, a risk assessment should be done prior to randomization by a qualifiedMHP
to determine whether it is safe for the subject to continue to participate in the trial. At
post-baseline visits, if there are “yes” answers on items 4, 5, or on any behavioral
question of the C-SSRS, a risk assessment by a qualified MHP should be done to
determine whether it is safe for the subject to continue to participate in the trial.

Subjects who answer “yes” on items 4, 5, or on any behavioral question of the
C-SSRS on more than one occasion during a trial should either have their SIB
managed appropriately by the Principal Investigator (PI) together with a qualified
MHP (or the PI alone if the PI is a qualified MHP), or be discontinued from the
trial, depending on the specifics of the subject and the trial. Studies that allow for
the possibility of subjects with recurrent SIB of this severity to continue to par-
ticipate in the trial must provide guidance on how to manage SIB of this severity in
the study protocol. One example of how to operationalize the National Institute of
Mental Health (NIMH) guidance on managing suicidal subjects in clinical trials has
been published (Nierenberg et al. 2004). When there is a positive response to any
question on the C-SSRS, the PI should determine whether an adverse event has
occurred. Data collected from SIB assessments such as the C-SSRS directly map to
the 11 categories the FDA has adopted in the August 2012 guidance for classifying
SIB events.

3.9 Special Population Considerations

Populations that require special consideration include children and adolescents, the
elderly, cognitively impaired subjects, and subjects with illnesses associated with
significant mortality (e.g., oncology trials shortly after first diagnosis or following
relapse). For cognitively impaired subjects and children, involvement of a third
party (e.g., proxy) to assist with completion of SIB assessments can often be useful
and may be necessary.

3.9.1 SIB Assessment in the Elderly (>65 Years)

Elderly subjects and subjects with illnesses associated with significant mortality may
think about death or dying in an adaptive way (Bartels et al. 2002; Szanto et al.
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2003). This is often termed “death ideation” and is different from suicidal ideation.
As such, evaluation of SIB in the elderly requires the clinician to distinguish
bereavement and end of life ruminations from suicidal ideation. In addition, research
clinical trials enrolling the elderly should have clearly articulated inclusion/exclusion
criteria with respect to SIB and psychopathology, which may increase suicide risk.

As with other studies in adults for psychiatric (non-dementia) indications, studies
of elderly subjects in psychiatric indications should include at the screening visit the
C-SSRS and include a self-administered scale such as the SBQ-R. In neurologic
indications, the PHQ-8 is helpful to detect possible depression. A risk assessment
should be done by a MHP skilled in the evaluation of SIB in the elderly by virtue of
training or experience (e.g., psychiatrist, geriatric psychiatrist/licensed clinical
psychologist, geriatrician or neurologist, social worker or psychiatric nurse prac-
titioner) to determine whether it is safe for the subject to participate in the trial in the
same way as for other adult patient. Treatment emergent SIB should be assessed
using the C-SSRS at every visit throughout the study.

3.9.2 Patients with Alzheimer’s Disease or Mild Cognitive
Impairment

In the FDA’s revised draft guidance, August 2012, the inclusion of prospective SIB
assessments in studies of patients with Mild Cognitive Impairment and in studies of
patients with mild to moderate Alzheimer’s Disease (or other dementia) are rec-
ommended. In subjects with a diagnosis of Mild Cognitive Impairment, involve-
ment of a third party (e.g., proxy) to assist with completion of SIB assessments may
be required, depending on the severity of cognitive impairment. In subjects with a
diagnosis of Alzheimer’s disease, the assessments should not depend solely upon
patient self-report, but should systematically utilize information provided by third
parties such as spouses, caregivers, or the patient’s medical providers.

The 2012 version of the FDA guidance indicates that prospective SIB assess-
ments in studies of patients with advance cognitive impairment such as severe
Alzheimer’s Disease may be omitted under some circumstances, although FDA
needs to be consulted prior to the finalization of the study protocol.

In addition to the C-SSRS, studies of subjects with MCI or mild to moderate
Alzheimer’s Disease should include additional tools at the screening visit such as
the SBQ-R and the Cornell Scale for Depression in Dementias (CSDD; Alexopo-
ulos et al. 1988) or the Neuropsychiatric Inventory (NPI; Cummings et al. 1994;
Cummings 1997) Depression/dysphoria domain to detect possible SIB and
depression, respectively (Kaufer et al. 1998; Wood et al. 1999). Selected additional
questions from the NPI may be added to assist in identifying the behavioral aspects
of dementia. (It should be noted that the NPI Depression/dysphoria domain is not an
adequate substitute for the CSDD as a screen for DSM-IV Major Depressive
Disorder in AD.)
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Special considerations for risk assessment, above and beyond those mentioned
above, include the endorsement of clinically significant depression as determined
by the scores on the CSDD or the NPI Depression/dysphoria domain with addi-
tional optional information provided by other items of the NPI (e.g., Agitation/
Aggression, Apathy/Indifference, Irritability/Lability).

Although the C-SSRS is widely used in studies of patients with MCI, Alzhei-
mer’s Disease, and other dementias, it has not been specifically validated for the
prospective assessment of SIB in elderly or cognitively impaired patients nor does it
have scope for caregiver input. Integration of information from third parties
(spouses, caregivers, medical providers) essential in this patient group, but there
have been no systematic studies on:

• The best method of obtaining third party input to SIB assessments,
• Who is qualified to provide third party input
• At what level of cognitive impairment third party input is necessary
• How discrepancies between patient and caregiver input should be reconciled

Additional challenges in assessing SIB in patients with dementia include:

• the tendency of elderly to minimize symptoms of depression,
• the reluctance of many elderly to speak directly about thoughts of suicide
• the risk of confounding age appropriate “death ideations” with passive suicidal

ideation
• interview burden in patients with physical limitations (visual and hearing

problems, motor impairments)
• complicated by progressive cognitive and functional decline associated with

dementia.

3.9.3 Children and Adolescent Patients

Studies of adolescent subjects (age 12–17) in psychiatric indications that do not
involve cognitive impairment (as in the case of mental retardation or autism) should
include the adult version of C-SSRS at the screening visit. Additional validated
scales such as the SBQ-R or the Suicidal Ideation Questionnaire (SIQ; Reynolds
1987) or SIQ-junior (SIQ-JR; Reynolds and Mazza 1999) should also be considered
to enhance the screening for subjects at risk. The use of alternative instruments to
the C-SSRS would have to be discussed and agreed upon with the FDA prior to
study start. If the SIQ/SIQ-JR is chosen, the SIQ should be used for subjects aged
15–17, while the SIQ-JR should be used for subjects aged 12–14. The risk
assessment for participation in the study needs to take into account not only the
C-SSRS answers, but also scores on the SBQ-R and/or suicide specific items on the
SIQ/SIQ-JR. For non-psychiatric indications, the Quick Inventory of Depressive
Symptomatology—Self-report (QIDS-SR; Rush et al. 2003) should also be
administered to screen for depression at the screening visit.
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The risk assessment must be done by a clinically qualified child and adolescent
mental health provider (MHP). In the United States, in addition to Child and
Adolescent Psychiatrists (board certified or board eligible), clinically qualified
MHPs include the following: (1) general psychiatrists, (2) Psy. D. or Ph.D. level
Clinical Psychologists, (3) LCSW, or (4) PNP who have training and experience in
the diagnosis and treatment of children and adolescents with psychiatric disorders.
In other countries, the risk assessment should be done by a clinically-qualified MHP
who would normally evaluate the risk of suicide in children and adolescents,
according to local clinical practice standards and regulations.

Studies of adolescents (age 12–17) in psychiatric and neurologic indications
should use the adult version of the C-SSRS at every post-screening visit to detect
possible SIB as described above for adult psychiatric and neurologic indications.

There are challenges in using the C-SSRS in this population, given the limited
psychometric data available. While the C-SSRS has been validated in adolescents
aged 12–17, no psychometric data is available for any version of the instrument in
children <12 years of age. In addition, there have been no studies of the validity and
reliability of the pediatric version of the C-SSRS. The pediatric version for children
6–11 years of age has age appropriate probes (see the children’s baseline screening
assessment on the C-SSRS website at http://www.cssrs.columbia.edu/documents/C-
SSRS6-23-10-ChildrenBaselineScreening.pdf). There is general guidance on how
best to conduct joint interviews of the child and parent, but only limited specific
guidance on how to do this in children of different ages and developmental stages,
which can be a complication in clinical trials in this patient group. The instrument
has been simplified for use in this age group, with the intensity subscale (with the
exception of frequency) omitted in this age group. The lethality section needs to be
addressed by a parent if the subject is younger than 13 years old.

The revised draft FDA guidance (August 2012) acknowledges that assessment of
suicidal thoughts and behavior in young children is challenging since they are not at
a point of cognitive development that allows for an understanding of the concept of
death. In such cases, it is recommended to discuss potential options, including a
waiver, directly with the FDA. In studies of children age ≤11 years and in children
and/or adolescents with disorders involving cognitive impairment (e.g., mental
retardation or autism), the use of specific scales needs to be customized
appropriately.

3.10 Special Considerations for Use of the C-SSRS: Look-
Back Period

The revised 2012 FDA Draft Guidance (2012) states that the C-SSRS “is conducted
at baseline (this would be a lifetime SIB assessment) and at each patient visit.” Use
of a lifetime assessment for the purpose of determining treatment emergence or
between group differences could be very problematic in certain patient populations
(e.g., lifetime assessments in elderly subjects might artificially inflate the baseline).
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There is ongoing debate over what is the most relevant look-back period for
measuring baseline SIB status (Table 3.4).

The definition of the baseline look-back period can significantly impact ability to
detect both treatment emergent SIB adverse events (worsening) and beneficial effects
of treatment (improvement). Longer look-back periods (as in lifetime assessments)
may inflate baseline rates of suicidal ideation or suicidal behavior, particularly in the
elderly or in conditions with high background rates of SIB. In addition, a longer
look-back period may capture SIB events that are remote from the time of the study
and not relevant for determination of current status and are sensitive to recall bias or
selective recall. In addition, look-back periods used in study exclusion criteria need
to be selected with care to avoid overlapping of the exclusion look-back period with
the baseline look-back period, which could lower baseline rates.

Currently, clinical trials methodologists (Gassman-Meyer et al. 2011) recom-
mend the approach of obtaining a more recent SIB history for the purpose of
determining treatment emergence (i.e., 1 month look-back from the Baseline Visit
for active suicidal ideation and a 3 months look-back for suicidal behaviors). A
summary of the recommended look-back periods for SIB assessments at the
Screening Visit and at the Baseline Visit is provided in the following table. Dif-
ferent baseline look-back periods may have greater pertinence depending on the
patient population and indication under study.

Post-baseline SIB can be displayed without regard to recent history, or as
treatment emergent, new onset, or worsening relative to recent history. In general,
the recommended look-back period for recent history is 1 month for suicidal ide-
ation and 3 months for suicidal behavior. Any incident of reported post-baseline
SIB is typically defined as a new onset if the subject reported no ideation and no
behavior during the recent history period. Treatment emergent SIB includes both
new onset and worsening. Worsening of existing SIB is defined as movement to a
higher numbered C-CASA ideation category than was reported during the recent
history period. A subject who reports on-study behavior is considered to have

Table 3.4 Recommended look-back periods for SIB assessments

Visit Look-back period Purpose

Screen Lifetimea Provides lifetime SIB history; meets FDA
recommendations and, per this guidance, for
determination if a risk assessment should be
obtained in children and adolescents before
subject can be randomized

Screen 1 year active suicidal ideation;
5 years suicidal behaviors

Per this guidance, for determination if a risk
assessment should be obtained before subject can
be randomized

Baseline Since last visit (screen) Detect emergence of SIB since screen visit

Baseline 1 month active suicidal
ideation; 3 months suicidal
behaviors

Provides recent history of SIB to be used in
determining treatment emergence

a In children and adolescents, the lifetime look-back should be used to determine if a risk
assessment is required prior to enrolment of the subject
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worsened provided no behavior was reported during recent history, regardless of
reported ideation during recent history. On-study movement to a lower number
behavior category is considered worsening.

3.11 Special Considerations for Use of the C-SSRS:
Analysis

One of the critical unresolved questions and issue with the 2012 revised FDA Draft
Guidance (2012) on SIB remains the lack of detailed guidance on statistical analysis
of SIB clinical trial data. In particular, how analysis might be impacted by the use of
“expanded” C-CASA, which increases the multiplicity of categories.

There are no formal analysis recommendations for C-SSRS and C-CASA data,
however, there are precedented formats for data presentation. No formal statistical
hypothesis testing is recommended for individual studies as only few events are
typically observed, and a listing of the events or descriptive summary statistics will
often suffice. Exceptions may occur with large trials or trials in which an “enriched”
population is under investigation. If statistical analyses are to be performed, then
exact estimation (and testing) methods should be considered.

Subject listings of both expanded C-CASA categories as well as the underlying
scale data are helpful. In addition, a summary table of C-CASA categories for life-
time, recent history, and post-baseline should be considered. Alternately, C-CASA
summaries may be displayed by visit. Tabulation of new onset, worsening, and/or
treatment emergent SIB relative to recent history is also helpful to assess treatment
emergent SIB risk in selected populations, such as schizophrenia or depression,
where there could be a sufficient number of events for meaningful interpretation.

It is important to exercise caution when pooling data across studies and to
account for variability associated with methods of data collection (retrospective vs.
prospective, different prospective SIB scales, etc.), as well as varying patient
populations, extent of exposure, and cultural norms.

There is not one standard analysis as yet and the most appropriate analyses for
any given program will depend on the population and compound under study.
Sufficient analyses need to be conducted to characterize the level of SIB present in
the clinical trial database.

The primary focus of analyses of program level data is to accurately estimate the
rates of SIB in the treated and the placebo groups. There are several analysis
methods available for the evaluation of SIB at the program level, including the
examples highlighted below:

• Odds Ratio (OR)
• Incidence Rate
• Exposure Adjusted Incidence Rate
• Time-to-Event Analyses
• Sensitivity Analysis Methods to corroborate findings or assumptions
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3.12 Conclusion

Despite the absence of specific analysis guidance by regulatory agencies, the pro-
spective assessment of SIB in industry sponsored trials is now standard practice.
With the growing use of the prospective tools, there are a number of emerging
issues that have been encountered, including the specific challenges mentioned
above. In addition, there are emerging data on the psychometric qualities of SIB
assessments currently being used in clinical trials that warrant further study and the
growth of trials in challenging and vulnerable patient groups (i.e., dementia, young
children, and children and adolescents with autism) now means that valid assess-
ment methods are of increasing priority. SIB assessment in these patient popula-
tions may require a range of different tools and approaches, which can be adapted to
their changing cognitive and functional status. An additional challenge is the need
for guidance on the best method to obtain and integration of third party input for
such patient populations also. There also continue to be questions about the
selection and training of raters, and this can become not only a regulatory quality
issue, but also one of importance to clinical quality when conducting large, global
clinical trials.
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Chapter 4
From Uniform Definitions to Prediction
of Risk: The Columbia Suicide Severity
Rating Scale Approach to Suicide Risk
Assessment

Kelly Posner, Randy Subramany, Leora Amira and J. John Mann

Abstract Suicide prevention is of high national and international importance as
suicide remains one of the world’s greatest public health crises. Identification is the
key to prevention, and therefore the ideal suicide risk assessment instrument
enables identification of high risk individuals, monitors for suicide risk factors, and
predicts future suicidal behavior in both research and practice. However, research
and clinical practice have been challenged by nomenclature and methodological
limitations regarding assessment of suicidal ideation and behavior. Systematic
assessment for suicidal risk is feasible and provides more reliable outcomes,
establishes operationalized criteria, and specifies parameters for triggering referrals,
thereby decreasing unnecessary referral and burden. Therefore, assessment of sui-
cidal ideation and behavior should be routinely integrated across public health
settings. Knowledge of the full range of suicidal ideation and behaviors and key
criteria for differentiating suicidal and non-suicidal events is paramount to the
advancement of suicide risk assessment. The Columbia Suicide Severity Rating
Scale (C-SSRS), a brief, standardized research-supported risk assessment tool,
identifies individuals at increased risk for suicide to lower the overall disease
burden and potentially the numbers of unnecessary deaths.
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4.1 Introduction

Suicide is a global public health crisis and the magnitude of its global disease
burden is under-recognized. In the US alone, an adult dies by suicide every 13 min
(WISQARS 2011), yet, the public health impact and disease burden of suicide are
under-recognized (Insel 2010). Nearly 10 % of high school students report having
attempted suicide in the past year (Eaton et al. 2012). $141 billion in annual
medical costs lost are incurred and millions of years of life globally, while in the US
alone nonfatal suicide attempts cost $6 billion a year (WISQARS 2011). Identifi-
cation of individuals at high risk is crucial for any prevention effort. However,
identification and detection are hampered by failure to screen adequately or at all by
critical gatekeepers (See Fawcett, this volume).

A report by the U.S. Institute of Medicine concluded that “research on suicide is
plagued by many methodological problems…definitions lack uniformity…[and]
reporting of suicide is inaccurate” (Goldsmith 2002). Diverse terminology for
identical suicidal phenomena (O’Carroll et al. 1996; Posner et al. 2007) negatively
impacts instrument validity and reliability and the utility of epidemiological sta-
tistics. Across all age groups, as many as 45 % of those who died by suicide have
had contact with their primary care providers within one month prior to their death;
90 % of adolescents and 77 % across all age groups visit their primary care provider
within one year of their death (Luoma et al. 2002; McCarty et al. 2011). Yet, fewer
than 3 % of these visit records contain a comment about suicide risk (Appleby et al.
1996). Moreover, a large number of adolescent suicide attempters present to
emergency departments for nonpsychiatric reasons and can be easily missed (King
et al. 2009). An even lower percentage of those who die by suicide have contact
with mental health professionals (e.g., 20–25 % of adolescents within a year of
suicide (Gould et al. 2003). Predictably, only 19 % of primary care providers
compared with 59 % of psychiatric practitioners knew about the suicidal intentions
of their patients who died by suicide (Suominen et al. 2004).

The consistent use of a standardized instrument with clinically appropriate,
specific, and comprehensive terminology can greatly enhance detection, monitor-
ing, and prediction in the suicidal patient. The ideal suicide risk assessment
instrument enables identification of high-risk individuals, ongoing monitoring of
risk factors for suicide (i.e., suicidal ideation and behavior) and prediction of future
suicidal behavior both in research and practice.

4.2 Suicide Risk Assessment

Importantly, traditional of assessing suicide risk, which include relying on open-
ended questions, have been problematic. When instructed to ask two open-ended
questions about suicide, clinicians tended to over-detect suicidal ideation and
under-detect suicidal behavior in adolescent patients (Holi et al. 2008). Structured
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or semi-structured tools, on the other hand, improve detection in routine clinical
assessments (Bongiovi-Garcia et al. 2009). In one study, the use of a structured
questionnaire detected 29.7 % of patients with suicidal ideation and 18.7 % of
patients with a history of a suicide attempt that were undetected by an open-ended
clinician interview (Bongiovi-Garcia et al. 2009). Overall, evidence has shown that
performing routine intakes identifies only 25 % of patients with a history of suicide
attempt when compared to 100 % of patients identified through structured risk
assessment instruments (Hawton 1987).

In a national emergency department study, a structured telephone follow-up using
the Columbia-Suicide Severity Rating Scale (C-SSRS) improved detection (59 %) of
suicide attempts by more than 40 % when compared to hospital chart reviews
detection (18 %) (Arias et al. 2014). Furthermore, utilizing evidence-supported
instruments facilitates clinical decision-making and fosters confidence in the
determination of next steps for individuals identified with various levels of suicide
risk. A scale with thresholds for clinical management streamlines interpretation of
assessment results and when matched with triage protocols should result in more
efficient use of mental health services and patient management during trials (Peñta
and Caine 2006).

Therefore, a comprehensive and successful implementation of structured suicide
risk assessment programs should include policies and protocols that allow for
assessment, intervention, and monitoring (AIM). Evidence of such implementation
is apparent in the policies of various institutions and settings. The New York State
Office of Mental Health has developed a comprehensive systems approach to sui-
cide prevention for all adult and youth behavioral health care organizations in
which all patients are screened using the C-SSRS. Furthermore, C-SSRS and Safety
Planning online learning modules are used in training all NYSOMH staff. Addi-
tionally, the National Action Alliance, in its commitment to a vision of zero suicide,
now provides a suicide toolkit that contains training in the C-SSRS and safety
planning intervention. Also, Georgia has begun a state-wide dissemination and
linking of systems with the C-SSRS, in which providers are implementing the
C-SSRS in all services, between services, and in systems of care.

4.3 Assessment of Suicidal Ideation and Behavior

The stress-diathesis model of suicidal behavior proposes that suicidal behavior may
manifest through individual traits (e.g., impulsivity) that can be influenced by
genetic and epigenetic effects on stress responses, mood regulation and decision-
making. This array of traits is determined by genetic and early life experience
resulting in a preexisting susceptibility or diathesis. The diathesis interacts with
current stressors (e.g., psychosocial crisis or exacerbation of psychiatric illness) to
create the risk of suicidal behavior (Mann et al. 2005; Oquendo et al. 2003; Mann
2003) (Nazem, this volume, Lopez-Castroman et al., this volume). Approximately
90 % of people who die by suicide have a diagnosable and treatable mental disorder
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at the time of death (Hjelmeland and Knizek 1999). Specifically, mood, substance
use, impulse control, and personality disorders and schizophrenia spectrum disor-
ders confer the highest risk (Turecki et al. 2012; Mann and Currier 2010; Jiménez
et al. 2013; Dwivedi and Mann 2012; Baca-Garcia et al. 2010; Bennett 2013)
(Fig. 4.1).

Suicidal ideation and a history of suicidal behavior are among the most salient
short- and long-term risk factors for suicide (Beck et al. 1999; Brown et al. 2000;
Kuo et al. 2001; Nordström et al. 1995). Many individuals die from their first
suicide attempt (Isometsa 1998), which underscores the importance of assessing

Suicidal Ideation 

Passive suicidal ideation: wish to be dead 

Patient has thoughts about a wish to be dead or not alive anymore, or wish to fall asleep 
and not wake up. 

Active suicidal ideation: nonspecific (no method, intent, or plan) 

General nonspecific thoughts of wanting to end one’s life or commit suicide (e.g., “I’ve 
thought about killing myself”) without general thoughts of ways to kill oneself/associated 
methods, intent, or plan during the assessment period. 

Active suicidal ideation: method, but no intent or plan 

Patient has thoughts of suicide and has thought of at least one method during the 
assessment period. This situation is different than a specific plan with time, place, or 
method details worked out (e.g., thought of method to kill self but not a specific plan). 
Includes person who would say, “I thought about taking an overdose but I never made a 
specific plan as to when, where, or how I would actually do it . . . and I would never go 
through with it.” 

Active suicidal ideation: method and intent, but no plan 

Active suicidal thoughts of killing oneself, and patient reports having some intent to act 
on such thoughts, as opposed to “I have the thoughts but I definitely will not do anything 
about them.” 

Active suicidal ideation: method, intent, and plan 

Thoughts of killing oneself with details of plan fully or partially worked out and patient 
has some intent to carry it out (i.e., some degree of intent is implicit in the concept of 
plan). 

Suicidal Behavior 

Suicide 

A self-injurious behavior that resulted in fatality and was associated with at least some 
intent to die as a result of the act. Evidence that the individual intended to kill him- or herself, at 
least to some degree, can be explicit or inferred from the behavior or circumstance

Fig. 4.1 Suicidal ideation and behavior categories and definitions (FDA 2012)
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risk for this before people make that first suicide attempt. The terminology of
suicidal outcomes has historically been diverse, inconsistent and ambiguous
(O’Carroll et al. 1996; Posner et al. 2007). Terms that carry value judgments such
as “failed attempt,” “suicide gesture,” “manipulative act”, “parasuicide”‚ “deliber-
ate self-harm” and “suicide threat” (Crosby et al. 2011) obscure appropriate iden-
tification, and ambiguity and diversity in definitions may result in both over- and
under-identification of high-risk individuals. In an effort to establish a meaningful
common language for suicidal behavior, the United States Centers for Disease
Control (CDC) has adopted terminology developed by a group of Columbia Uni-
versity suicidologists and recommends a standardized scale, the C-SSRS, to elicit
the required information from respondents. The C-SSRS distinguishes between the
following suicidal behaviors: (a) suicide‚ (b) suicide attempt‚ (c) interrupted attempt‚

Interrupted suicide attempt 

When the person is interrupted (by an outside circumstance) from starting a potentially self-
injurious act (if not for that, actual attempt would have occurred). 

Aborted suicide attempt 

When person begins to take steps toward making a suicide attempt, but stops before actually 
engaging in any self-destructive behavior. Examples are similar to interrupted attempts, except 
that the individual stops before being stopped by something else. 

Preparatory acts 

This category can include anything beyond a verbalization or thought, but it stops short of a 
suicide attempt, an interrupted suicide attempt, or an aborted suicide attempt. This might include 
behaviors related to assembling a specific method (e.g., buying pills, purchasing a gun) or 
preparing for one’s death by suicide (e.g., giving things away, writing a suicide note). 

Self-Injurious Behavior Without Suicidal Intent 

Self-injurious behavior associated with no intent to die. The behavior is intended purely for 
other reasons, either to relieve distress (often referred to as self-mutilation (e.g. superficial cuts 
or scratches, hitting or banging, or burns)) or to effect change in others or the environment. 

Suicide attempt 

A potentially self-injurious behavior, associated with at least some intent to die as a result of the 
act. Evidence that the individual intended to kill him - or herself, at least to some degree, can be 
explicit or inferred from the behavior or circumstance. A suicide attempt may or may not 
resultin actual injury. 

Fig. 4.1 (continued)
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(d) self-interrupted/aborted attempt‚ and (e) preparatory acts or behavior (Crosby
et al. 2011) (Fig. 4.2). The U.S. Food and Drug Administration (FDA) adopted the
C-SSRS categories of both behavior and the five subtypes of suicidal ideation, for
the systematic, prospective monitoring of suicidal occurrences in clinical trials (See
http://www.cssrs.columbia.edu). Self-injurious behavior without suicidal intent was
also included in the list of outcomes in order to help distinguish suicide attempts
from non-suicidal self-injurious behavior. These 11 categories are the FDA stan-
dard used for the detection of pre-existing risk and treatment-emergent suicidal
ideation and behavior in all clinical trials involving drugs with central nervous

Fig. 4.2 CDC and Columbia uniform definitions
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system (CNS) activity (Food and Drug Administration 2012) (Fig. 4.1). Once one is
assessing patients for treatment-emergent suicidal ideation and behavior, then it is
also possible to detect beneficial effects of medications on ideation and behavior.

Suicide risk assessment instruments should aim to delineate suicidal ideation and
behavior categories and their severity for more accurate determination of suicide
risk. The following elements in a suicide risk assessment instrument are critical for
the identification of high-risk individuals: a full range of suicidal behaviors and
suicidal ideation.

4.3.1 The Full Range of Suicidal Behaviors

Historically a suicide risk assessments or screening queried solely about lifetime or
recent suicide attempts, which resulted in the omission of other types of significant
suicidal behaviors. Behaviors in which steps are taken imminently before a suicide
attempt or suicide would have otherwise occurred (e.g., putting a noose around
one’s neck and changing one’s mind, being rescued by another before running in
front of traffic) and behaviors in preparation of suicide (e.g., buying a knife, col-
lecting pills, writing a suicide note) are important subtypes of suicidal behavior that
often go undetected by clinicians and gate keepers. This was confirmed in a 3,776
patient sample, in which attempts comprised only 13 % of reported suicidal
behaviors, while the remaining 87 % consisted of the other three types (Mundt et al.
2011). While these events were rare (approximately one percent of 35,000
assessments), it is critical to more appropriately identify high-risk individuals. This
is evidenced by the fact that, over a short-term follow-up, these other lifetime
behaviors significantly predicted subsequent suicidal behavior, with all behaviors
being similarly predictive. Furthermore, the total number of different suicidal
behaviors increased risk (Posner 2012).

While a history of a suicide attempt is the most consistent predictor of future
suicide attempts or death by suicide (Brown et al. 2000; Fawcett et al. 1990; Harris
and Barraclough 1997; Malone 1995; Steer et al. 1988). Other categories of suicidal
behavior also predict the risk of future suicide attempts including interrupted and
aborted attempts and preparatory activities (Mundt et al. 2013). Finally, the most
severe lifetime suicidal ideation predicts the risk for suicide.

Importantly, interrupted attempt, self-interrupted/aborted attempt, or preparatory
acts or behavior constitute the majority of suicidal behaviors engaged in by high-
risk individuals (Mundt et al. 2011) and are salient risk factors for suicide or suicide
attempt, with similar risk ratios (Steer et al. 1988; Barber et al. 1998; Marzuk et al.
1997; Beck et al. 1999). Lastly, ideation is also a significant risk factor: the most
severe lifetime suicidal ideation is a significant predictor for future suicide. Thus, it
is critical that the full range of suicidal behaviors and ideation is assessed.
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4.3.2 Intent to Die

With a history of a suicide attempt being the number one risk factor for future
attempts or death by suicide, improved identification of past behavior is essential.
Identification, in turn, critically hinges on the clear and accurate distinction between
suicidal and non-suicidal behavior. Suicidal behavior is any type of self-injurious
behavior (Crosby 2010), carried out with some intent to die. A critical criterion of
suicidal behavior for its distinction from nonsuicidal self-injurious behavior is the
presence of intent to die. Intent to die requires the desire to bring about one’s own
death and is distinct from the motivations for desiring such an outcome (Hjelmeland
and Knizek 1999). Such behavior is considered suicidal irrespective of the moti-
vations surrounding the behavior, which are often affective in nature, such as
ending emotional pain. A self-injurious behavior is suicidal if it is a result of any
intent to die, and is strictly non-suicidal if it is not a result of any intent to die. Thus,
the same behavior across individuals may be classified as suicidal or nonsuicidal
depending solely on the presence or absence of intent to die. Intent to die need not
be stated directly by the individual but may be inferred from additional facts such as
high potential lethality of behavior (De Leo et al. 2004; Posner et al. 2011), the
individuals’ perception of a behavior’s high potential lethality (Beck and Greenberg
1971), or additional data from informants (O’Carrol 1989) or medical records
(Posner et al. 2007).

4.3.3 Distinction of Suicidal Ideation and Behavior

The prognosis and outcome of suicidal ideation and behavior are different. Suicide
attempts are both less common and more closely related to suicide as an outcome. A
widely used term “suicidality”, conflates ideation and behavior and FDA has rec-
ommended to discontinue its use. Distinct, non-overlapping definitions of suicidal
ideation and suicidal behavior are critical for accurate assessment of prior ideation
and behavior as predictors of future risk and for prospective detection of suicidal
phenomena in the context of treatment. In a large multi-trial study lifetime severe
suicidal ideation with at least some intent to die was associated with a five-fold
increase in the risk of suicidal behavior on trial and a lifetime history of suicidal
behavior without severe ideation was associated with a four-fold increase in risk of
on trial behavior. Importantly, patients with a history of severe ideation and
behavior were nine times more likely to have behavior during trial (Mundt et al.
2013). In an adolescent emergency department follow-up study, ideation was
predictive of subsequent suicidal behavior even when a history of attempts was not
predictive, reinforcing the need to identify suicidal ideation.

In general, the extant literature suggests separation of ideation and behavior
because: (1) suicidal ideation and behavior do not always co-occur (Fawcett 1992),
(2) gene variants associated with treatment-emergent suicidal ideation in clinical
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treatment trials of SSRIs appear to be unrelated to genes primarily associated with
suicidal behavior (Laje et al. 2007; Meyer et al. 2010; Perlis et al. 2007; Perroud
et al. 2009), (3) suicidal ideation is predictive of or a precursor to suicidal behavior
(Posner et al. 2011; Kessler et al. 1999), and (4) ideation and behavior might be
more predictive of suicide depending on other factors such as age (Brent et al. 1993;
Fergusson et al. 2005; Lewinsohn et al. 1994; Pfeffer et al. 1993; Wichstrom 2000;
Brown et al. 2000; Conwell and Thompson 2008; Vannoy et al. 2007; King et al.
2012). Moreover, suicidal ideation may add incremental validity to the prediction of
future suicide attempts relative to a history of past suicide attempts alone (Horwitz
et al. 2014). Treatment may affect risk of ideation without affecting risk of nonfatal
suicide attempts or suicide. These findings confirm the importance of assessing
suicidal ideation independently of suicidal behavior.

4.3.4 Suicidal Ideation

Suicidal ideation is a heterogeneous construct. The National Institute of Mental
Health (NIMH) Developing Centers for Intervention and Prevention of Suicide
specified that wish to die, thoughts of killing oneself, and intent to kill oneself
constitute types of suicidal ideation (Brown et al. 2008). Suicidal ideation may be
passive (i.e., having a wish to die as opposed to thoughts of killing one self) or
active, which can range from range from non-specific thoughts of killing oneself to
thoughts with a specific method or plan for killing (Brown et al. 2008). The dis-
tinction of passive and active suicidal ideation was first described by Beck et al.
(1979) to separate thoughts of desiring one’s own death from thoughts of actively
killing oneself (Beck et al. 1979). Intent to act demarcates the difference between
thoughts of a suicide attempt where the person feels sure they would never act and
where they believe they could act on those thoughts of killing themselves. A more
severe stage is when the thoughts have a compulsive, or hard to resist quality, and
the person may describe a struggle to resist the thoughts of suicide. The evidence
base examining predictive properties of these ideation subtypes is growing (Mundt
et al. 2013; Posner et al. 2011; Arias 2014; Hesdorffer et al. 2013; Katzan et al.
2013; Posner 2013) which was likely a result of the C-SSRS delineating ideation
types more clearly.

4.3.5 Wish to Die

Thus, the PHQ-9 combines a large range of severity of suicidal ideation, blurring
and eliminating the distinction between higher and lower risk ideation indicators,
making the predictive value of this item poor.

Passive suicidal ideation includes any internal experience that indicates a wish or
desire to die (“wish to die”) and excludes thoughts of being better off dead, thoughts
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of one’s own death, or that life is not worth living. This definition represents the
consensus of the National Institute of Mental Health (NIMH) Developing Centers
for Intervention and Prevention of Suicide conference (Brown et al. 2008). Evi-
dence has shown that people with a high wish-to-die/wish-to-live index are six
times more likely to die by suicide than those with lower indices (Brown et al.
2005). In turn, these research findings played a pivotal role in the development of
the C-SSRS. Prior to this, assessment of suicidal ideation failed to distinguish true
passive suicidal ideation (i.e., the wish to die) from other thoughts of death or dying
that are not passive suicidal ideation and not predictive of future suicidal behavior.
This historical muddling of definitions is evident in the Patient Health Question-
naire (PHQ-9), which spuriously equates thoughts of being “better off dead” with
passive suicidal ideation, effectively eliminating the distinction between higher and
lower risk indicators. Unsurprisingly, the predictive value of this item is poor. The
observed point prevalence of suicidal ideation, behavior, or both was 6.2 % on the
C-SSRS compared to 23.8 % on item 9 (the “suicide” item) on the PHQ-9 a nearly
four-fold increase in false positive screens (Katzan el al. 2013). The Cleveland
Clinic similarly compared the PHQ-9 suicide item to the electronic screening
version of the C-SSRS, and found that the PHQ-9 yielded more than three times as
many false positives as true positives (Katzan el al. 2013).

4.3.6 Intent to Act

Intent to act depends on the extent to which one is ready to act on thoughts of
killing oneself. Suicidal thoughts without intent to act are characterized by having
thoughts of killing oneself but not feeling that one might do anything about them.
The distinction is clinically important because the presence of intent to act confers
higher risk for subsequent suicidal behavior, as shown in a study of adolescent
suicide attempters, where a lifetime history of severe ideation with at least some
intent to die was associated with a 50 % increase in the risk of on-trial suicidal
behavior (Posner et al. 2011; Currier et al. 2009).

4.3.7 Intensity and Worst-Point Ideation

In addition to types of suicidal thoughts, assessing their intensity and time frame is
also very important. Although researchers and clinicians have assumed that one
needs to query about current levels of ideation to identify risk, worst point lifetime
ideation has been shown to be a better predictor of death by suicide (Beck et al.
1999). Unlike severity, ideation intensity is best seen as a continuous characteristic
consisting of five dimensions: duration of thoughts, frequency of thoughts, con-
trollability of thoughts, deterrents from acting on thoughts, and reasons for ideation.
Duration of the most severe ideation predicts subsequent suicidal behavior among
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adolescents (King et al. 2012). In an adolescent emergency department follow-up
study, it was demonstrated that duration of thoughts was predictive of subsequent
suicidal behavior, while suicide attempts and lifetime attempts were not predictive,
thus reinforcing the importance of ideation assessment (King et al. 2012). Signif-
icantly, all items on the C-SSRS intensity of ideation subscale (i.e.‚ frequency,
duration, controllability, deterrents, and reasons for ideation) were shown to be
significantly predictive of suicide on Beck’s SSI. Large trial data across multiple
indications show that total score on ideation intensity incrementally is associated
with a greater risk of suicidal behavior during trial‚ while minimal intensity of
ideation was associated with a six-fold increase in the odds of suicidal behavior on-
trial, very severe intensity was associated with a thirty-fold increase in risk
(OR=34.39; 95 % CI: 9.23-128.09) (Posner 2014).

4.4 Instruments: Utility and Feasibility

Utilizing an evidence-based and research-supported instrument, such as the
C-SSRS, for risk assessment can minimize false negatives and false positives,
enable the redirection of scarce resources, and efficiently guide appropriate care to
at-risk individuals. To determine whether a particular instrument is optimal and
ideal for assessment, monitoring, or screening, consideration should be given to the
following administration parameters: administration time, administration methods
and delivery, the type of raters, and the level of training required for administration.

4.4.1 Administration: Time

The optimal administration time for any risk assessment instrument should be brief
(minutes), which may be facilitated by the instrument’s structure. In particular,
guided interpretation of patient responses during risk assessment in the form of a
decision tree allows for briefer administration time and quicker and more reliable
decision-making.

4.4.2 Administration: Methods and Delivery

The most common methods for suicide risk assessment by gate-keepers and cli-
nicians involve a general interview and no systematic questions about ideation,
behavior or family history of suicidal behavior. A much better approach involves
systematic questioning guided by a checklist or rating scale (Malone 1995).

Self-report instruments have the advantage of making self-disclosure of sensitive
issues easier. These types of instruments may facilitate the admission of suicidal
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ideation and behavior, or any suicide-related phenomena, which may be denied in
an in-person, face-to-face interview. As mentioned previously, a telephone follow-
up assessment, which used the C-SSRS, improved detection (58 %) of suicide
attempts by more than 40 % when compared to hospital chart reviews (18 %) (Arias
2014).

Risk assessment instruments for suicide are available in a variety of paper and
electronic formats. Importantly, innovative delivery formats enable a greater
number of individuals to be screened, facilitating broader implementation. Timing
of assessment is crucial after an at-risk patient is discharged from a hospital, par-
ticularly from a psychiatric inpatient unit, as there is an increased risk for suicide in
the first week after discharge (Roy 1982).

4.4.3 Administration: Gatekeepers

Suicide risk assessment is not limited to medical settings, even though primary care
physicians often see individuals shortly before they attempt suicide, but should
include educational, religious, workplace, legal, and forensic settings. As such,
settings may include diverse populations, it is crucial that nonmental health pro-
fessions be able to ask appropriate screening questions. Training in the adminis-
tration of a risk assessment tool enhances implementation efforts in these settings.
In a juvenile justice setting nonclinician raters (gatekeepers) showed good inter-
rater reliability when administering a structured risk assessment questionnaire to
adolescent girls (Kerr et al. 2014). In the U.S. Marines, all support workers, such as
chaplains, family advocacy workers and attorneys, are trained to be aware of sui-
cide risk and warning signs and to administer and utilize the C-SSRS. In rural
communities, where access to a mental health professional or practitioner may be
limited, the ability of nonmental health professional gatekeepers to screen is
essential.

4.4.4 Multiple Sources of Information

In many risk assessment contexts, situational factors render obtaining information
directly from a patient impossible. Examples of clinical populations that are chal-
lenging span dementias, cognitive impairment, and autism. In all of these cases,
collecting information from other reporters and its integration into an overall
clinical picture is crucial. The ability of a risk assessment tool to obtain and inte-
grate information from a variety of sources of information provides the necessary
flexibility and accuracy.
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4.4.5 Risk Management

Assessment scales should have operationalized thresholds that differentiate levels of
risk and aid in determining patient disposition. A patient management protocol that
specifies next steps after the risk assessment may include referrals to mental health
professionals for low-to-moderate risk patients or hospitalization and suicide watch,
for high-risk patients. Without a systematic assessment to determine suicide risk
level that drives the next steps, providers are less able to properly triage patients.
This can lead to overestimation of risk, or a tendency to err on the safe side,
resulting in increased burden for mental health professionals, hospitals, and other
healthcare facilities and diminished resources to offer the right quality of patient
care for those who are most in need.

4.4.6 Generalizability

Suicide risk assessment instruments require parallel forms developed for specific
populations. Modifications may include developmentally appropriate questions or
addition of population-specific risk factors (e.g., the military) (Peñta and Caine
2006).

4.4.7 Triage

Operationalized thresholds that distinguish higher levels of risk are an essential
component of assessment scales, so that appropriate triage steps can be taken. In
cases of low-to-moderate risk, such steps may involve referral to mental health
professionals for further evaluation, while high-risk cases may require hospital-
ization or suicide watch. In the absence of built-in thresholds that link to specific
triage protocols, providers are forced to worry about every person screened. This
could lead to problematic situations such as clinicians believing more patients
require one-to-one observation than there is staff available to provide it. In other
words, over-estimation of risk leads to misallocation of resources and poorer quality
of care. Whether at a hospital or a correctional facility, it is essential for assessment
administrators to have access to a screener with research-based next-step protocol,
which will in turn impact care delivery and service utilization.
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4.5 Risk Factors: Suicidal Behavior and Ideation-Specific
Mediators and Moderators and Corresponding
Instruments

A thorough evaluation of the benefits and risks of therapeutic interventions and
suicide-related outcomes should include a consideration of known risk factors as well
as mediating and moderating variables. Mediators are intervening variables that help
clarify the nature of and represent potential mechanisms that underlie the relationship
between independent and dependent variables. Moderators are characteristics that
affect the direction and/or strength of the relationship between the independent and
dependent variables. Suicidal behavior and ideation-specific mediators and moder-
ators to be considered include: biological factors (genetic, stress responsivity,
developmental anomalies, altered neural circuitry), psychological factors (aggressive
and impulsive traits, negative inferential styles, cognitive rigidity, hopelessness,
decision-making, problem-solving, mood regulation), psychiatric illness (e.g., major
depressive episode), and social support systems (see Hudzik and Cannon, this vol-
ume). Knowing mediating and moderating relationships affecting the risk of suicide
enhances the understanding of factors that play a role in mitigating or increasing that
risk and creates a context for evaluating the effects of treatment. Table 4.1 lists
examples of instruments assessing some of these risk factors.

4.6 How Should Instruments Measure Suicide Risk:
Characteristics Important for Detection and Prediction

Suicidal behavior occurs in many psychiatric disorders (e.g., depression, schizo-
phrenia) and in many medical conditions (e.g., strokes, epilepsy, head injury and
AIDS) (Harris et al. 1994). Thus, monitoring of suicidal ideation and behavior
should be part of clinical practice for nonpsychiatrists including neurologists,
internists and primary care physicians. In the evaluation of new medications that
affect the brain and other systems such as endocrine, measuring the impact of new
drugs on suicidal ideation and behavior has been made a requirement by the FDA
for all clinical trials. For accurately assessing the comparable importance of risk and
protective factors from a clinical and public health perspective.

Prior to FDA mandating prospective monitoring of suicide-related events in drug
trials, all previous antidepressant, anticonvulsant‚ and other non-psychiatric trials
were not set-up to adequately assess these events. Suicide risk analyses were based
on spontaneously generated adverse events and the higher risk estimates from these
analyses may have been a product of ascertainment bias rather than a reflection of a
true association.

The choice of a suicide risk assessment instrument and interpretation of the
results obtained from the assessment depend on the degree to which the instrument
is able to capture concepts of interest (Fig. 4.1). From this point of view, an
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instrument which incorporates clear definitions and examples of behaviors that
reflect those concepts minimizes variability in clinical judgment.

Science demands uniformity in measurement: moving away from a single
instrument inherently degrades the precision of the signal, compounding existing
imprecision across research sites and raters (Gibbons, 2010). The impact of
imprecision grows when incidence rates are low, such as with death by suicide. At
the same time, imprecision with low frequency events is incredibly problematic, as
misclassification of one or two cases can have a profound impact on risk estimates
and substantially alter conclusions. Even if you assume two measures are equally
valid, more measurement variability still equals more noise. This has a particularly
large impact when trying to combine studies. The 2012 FDA Guidance echoes this
sentiment, stating that “the use of different instruments is likely to increase mea-
surement variability… decreasing the opportunity to identify potential signals” that
would inform future analyses and clinical trials. Uniform measurement with a
validated instrument like the C-SSRS is crucial for prevention, research, and
clinical practice.

Research has shown that systematic monitoring and consistent application of
well-operationalized suicidal ideation and behavior criteria result in lower and more
precise risk estimates. In a classic example of controversy surrounding safety of
antidepressants, analyses commissioned by the FDA showed that consistent

Table 4.1 Select risk factors and associated instruments

Risk factor Assessment instrument References

Aggression and
impulsivity

• Barratt impulsiveness scale
• Buss–Durkee hostility inventory
• Brown–Goodwin aggression history (AGGHx)

Stanford et al. (2009),
Buss and Durkee (1957),
Kelip et al. (2006)

Substance abuse • Mental health screening form-III (MHSF-III)
• Simple screening instrument for substance
abuse (SSI-SA)
• CAGE questionnaire (alcohol)
• Drug abuse screening test (DAST)
• Michigan Alcoholism Screening test (MAST),
• Psychiatric research interview for substance
and mental disorders (PRISM)

Sacks et al. (2005),
Ewing (1984),
Skinner et al. (1982),
Selzer et al. (1971),
Samet et al. (1996)

Hopelessness • Beck hopelessness scale (BHS) Beck et al. (1990)

Distress/mental
pain

• Mental pain scale
• Self-defeating personality questionnaire
(SDPQ)
• Self-critical cognition scale
• Self-derogation scale
• The guilt inventory

Orbach et al. 2003,
Shneidman et al. (1993),
Schill (1990),
Kugler and Jones (1992),
Kaplan et al. (1969),
Orbach et al. (1991)

Neurocognitive
factors

• Iowa gambling task (decision-making)
• Stroop task (interference scores; attention)
(adapted)
• Buschke selective reminding task (SRT) test
(memory and learning)

Bowman et al. 2005),
Keilp et al. (2014)
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application of the C-SSRS’ empirically supported definitions of ideation and
behavior led to significantly better estimates of risk, with 50 % fewer ascertained
suicide attempts (Posner et al. 2007). Similarly, in a large nonpsychiatric trial with
14,000 subjects, systematic monitoring sourcing the C-SSRS revealed 12 suicidal
adverse events (AEs) compared to 452 reported spontaneously (Posner January
2009). Reducing false positives is as important as identifying risk in the effort to
improve detection and better allocate limited or scarce resources. An initiative
organized by the CDC, Department of Defense, National Institute of Mental Health,
and the Department of Veterans Affairs is recommending the C-SSRS as one of the
consensus measures to be incorporated into large-scale biomedical studies involv-
ing human subjects to facilitate data sharing and comparison (http://www.
phenxtoolkit.org).

Accuracy and validity of clinical judgment about suicidal ideation and behavior,
whether in research or practice, improve when validated measures are used in
assessment, which in turn increase their treatment utility. The critical parameters of
a valid clinical suicide risk assessment in addition to construct/conceptual validity
include sensitivity to clinical change and predictive validity. Scales that take
classification in consideration for the measurement of ideation and behavior and
incorporate definitions of ideation and behavior subtypes have shown robust sen-
sitivity to change in symptoms as well as predictive validity (Posner et al. 2011).
The Beck Scale for Suicide Ideation, a continuous scale, has shown predictive
validity for death by suicide in adults in long-term follow-up studies (Brown et al.
2000) but has not performed as well in predicting near-term nonfatal suicidal
behavior, whereas the C-SSRS has demonstrated such predictive qualities (Posner
et al. 2011). Identifying specific types of suicidal ideation and including the full
range of behaviors (including preparatory acts or behavior and self and other
interrupted attempts) instead of aggregating characteristics along a continuum may
be more useful for risk stratification. In support, research on the SSI has shown that
empirically derived factors such as “plans” and “desire” have different predictive
patterns using past attempts and suicide as outcomes (Beck et al. 1997; Joiner et al.
2003). Lifetime history of a specific type of ideation—with intent to act—has been
shown to be a stronger predictor of subsequent suicidal behavior than ideation
without intent to act (Mundt et al. 2013; Posner et al. 2011).

4.7 Inclusion/Exclusion of Suicidal Individuals in Clinical
Trials

Cross-national studies suggest that suicidal ideation and suicide attempts are rela-
tively common (Nock et al. 2008). In fact, suicidal ideation and behavior are
prevalent across all medical disorders; in those with one or more general illnesses,
25.2 % have suicidal ideation and 8.9 % make a suicide attempt (Druss and Pincus
2000). Consequently, there exists the expectation that increased suicide risk may be
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present in psychiatric and nonpsychiatric clinical trials and that such risk should be
assessed and managed. The various approaches to any suicidal phenomena in
clinical trials have included: (a) exclusion of those at risk for suicidal behavior from
participation, (b) removal from trial if suicidal ideation or behavior emerge during
the trial, (c) management of suicidal issues in the context of the trial, or (d) any
combination of these approaches (Pearson et al. 2001). Possible exclusion of those
at risk for suicidal behavior from participation may have been the result of active
and/or significant past suicidal ideation, a recent suicide attempt, or a history of
suicidal behavior. Seventy-seven antidepressant (SSRI) clinical trials of fluoxetine,
citalopram, paroxetine, and sertraline (Prozac, Celexa, Paxil, and Zoloft, respec-
tively) between 1984 and 2001 were reviewed for inclusion and exclusion criteria
for suicidal phenomena (Stanley 2009). Approximately 10 % (8 out of 77) of these
trials allowed some level of suicidal ideation, history of behavior but excluded those
with recent suicidal behavior in their research subjects; thus, these trials told very
little about how antidepressants would affect suicidal patients (Stanley 2009).

The issue of exclusion of suicidal patients from clinical trials arises in relation to
the balancing of scientific and safety concerns. Understandibly, exclusion of sui-
cidal individuals offers the advantages of minimizing risk to participants and
investigators, lowering costs for monitoring, and maintaining homogeneity of the
sample. However, exclusion is potentially unfair to a segment of the population that
is in need of treatment. It leads to the false assumption that treatments found
effective for nonsuicidal persons with certain mental disorders can be effective in
reducing suicidal behavior among persons with that disorder as well. Exclusion
hampers generalizability, as the desired applicability for a study is usually an entire
diagnostic group and not just a specific segment of the group (Stanley 2009).
Protection by exclusion has a cost and may not be protective; expert consensus has
consistently indicated that suicidal patients should not be excluded from clinical
trials (Meyer et al. 2010). Suicidal individuals have been deprived of access to
effective treatments tailored to their needs, similar to the effects of the historical
exclusion of women of childbearing age, children and adolescents, and ethnic
minorities. Thus, the optimal approach would include the active management of
suicidal ideation, behavior, and attempts through the addition of risk-mitigating
procedures (Pearson et al. 2001). Such procedures would include additions to the
study planning process, alteration in the consent process, increased staff training,
and managing increased suicidal risk via increased monitoring and crisis inter-
vention procedures. Managing suicidal ideation and behavior in the context of
clinical trials will allow for increased generalizability as both suicidal and non-
suicidal individuals will be included.

Studies have demonstrated the ethical and clinical feasibility of including indi-
viduals with suicidal ideation and/or recent suicidal behavior as participants in
clinical trials (Liu 2009; Safer and Zito 2007). Therefore, it is difficult to argue for
the exclusion of individuals considered at risk for suicide from clinical trials as
many individuals with these symptoms will be receiving these medications, after
FDA approval, in the absence of systematic premarketing data on the associated
risks and benefits related to suicidal ideation and suicidal behavior (Meyer et al.
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2010). Clinical trials in which suicide is the primary outcome measure will need to
be so much larger and longer than the usual 8-week study (Meyer et al. 2010) that
such studies are not practical. Nonfatal suicide attempts are a higher base rate
outcome that is more realistic in terms of sample size and study duration. Informed
consent forms for such a study must explain that suicidal ideation and behavior are
outcome variables and the limits of confidentiality should an individual become
suicidal, and describe the assessment and treatment individuals will receive if they
withdraw from the study (Meyer et al. 2010). A balance between research assess-
ment and clinical care can be established to preserve patient safety and the validity
of the clinical trial results.

4.8 The Columbia-Suicide Severity Rating Scale (C-SSRS)

The Columbia-Suicide Severity Rating Scale (C-SSRS) maximizes feasibility of
suicide risk assessment. It is a semi-structured, rater-based interview that pro-
spectively assesses the severity and frequency of suicidal ideation and behaviors.
The C-SSRS was developed by leading experts and researchers at the University of
Pennsylvania and Columbia University, in collaboration with Aaron Beck’s
research group, over 10 years ago in the context of a National Institute of Mental
Health (NIMH) research effort, in response to the need for a measure to assess
outcome, change, and severity. The C-SSRS identifies the full range of suicidal
ideation and behavior, monitors change from visit to visit, and predicts safety
referral criteria derived from studies.

The C-SSRS was designed to (1) provide definitions of suicidal ideation and
behavior and corresponding probes; (2) quantify the full spectrum of suicidal
ideation and suicidal behavior and gage their severity over specified periods; (3)
distinguish suicidal behavior and nonsuicidal self-injurious behavior; and (4)
employ a user-friendly format that allows integration of information from multiple
sources (e.g., direct patient interview, family and other interviews, and medical
records). As reviewed by Meyer et al. (2010), these criteria are considered essential
for judging the utility of scales assessing suicide-related phenomena. The C-SSRS
is unique among rating instruments in meeting all of these criteria. The C-SSRS has
received wide acceptance in the US and worldwide. It has been translated into 116
languages and is also used in clinical trials to screen for suicide and prevention
efforts across the US. The C-SSRS is used in many county and state screening and
prevention programs, in the military, and by many large private medical centers and
health care networks. The C-SSRS provides reliable outcomes, establishes opera-
tionalized criteria, specifies parameters for triggering referrals, which decreases
unnecessary burden, and impacts care delivery and triage.

As a result, the C-SSRS has been endorsed and adopted into policies across a
variety of national and international settings and institutions. In particular, the
Substance Abuse and Mental Health Services Administration (SAMHSA) and
Health Resources Service Administration’s jointly funded Center for Integrated
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Health Solutions has endorsed the C-SSRS as one of three screening tools that
should be utilized to assess suicide risk; the other two are the Suicide Assessment
Five-Step Evaluation and Triage (SAFE-T) and Suicide Behaviors Questionnaire
(SBQ-R).

In the US Army, all providers must consider suicide risk for all soldiers eval-
uated in an emergency department and must administer the C-SSRS if there is a
suicide risk concern Also, acute care hospitals, such as Reading Hospital, have
integrated the C-SSRS Screener (with additional triage points) as part of a hospital
suicide screening protocol and policy. Overall, the C-SSRS has been endorsed or
adopted into policies by approximately 30 US states, several countries, and many
national and global institutions, and is about to become the primary measure used in
all NIMH suicide research (PhenX toolkit).

4.9 Reporting of Adverse Events

The number of empirically validated treatments aimed at reducing suicidal ideation
and behaviors remains small. According to Oquendo et al. (2011), there have been
fewer than 30 studies that focused on assessing psychosocial and pharmacological
interventions that may benefit individuals at risk for suicidal behavior (Oquendo
et al. 2011). Intervention research in most of medicine focuses on conditions
associated with the greatest morbidity and mortality. Although suicidal patients, a
majority of whom have a psychiatric or substance use disorder, constitute such a
population there is a dearth of intervention trials in suicidal individuals. Two
barriers that may explain the small number of intervention trials for suicidal indi-
viduals include ethical issues, such as the decision of whether to enter vulnerable
populations into randomized trials, and the expectation of lethal outcomes in
treatment trials for conditions with high mortality (Oquendo et al. 2004).

Therefore, the foreseeable occurrence of a fatal or near-fatal event in intervention
clinical trials, for which suicide reduction is the outcome of interest, requires a
consideration of adverse event (AE) or adverse drug event (ADE) identification and
reporting standards. Across different institutions and agencies that conduct and/or
supervise intervention trials, definitions of adverse events are often too general and
too variable to allow for comparability between studies and meaningful interpre-
tation of study results (Czaja et al. 2006, Santiago et al. 2003). Consequences of the
lack of clarity and consistency in defining adverse events include the potential for
underreporting during clinical trials, which poses a threat to the safety of trial
participants. One clinical- and nonresearch-setting study found that voluntary
reporting only yielded 1 in 20 adverse drug events (Cullen et al. 2003), while others
have found that medical adverse events were underreported at varying rates,
ranging from 50 to 96 % (Barach and Small 2000). This underreporting may
originate from a variety of sources that may include, but are not limited to, fear that
the study will be terminated, deterrence posed by time-consuming paperwork
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necessary for reporting an adverse event, and population characteristics (Oquendo
et al. 2011) (see also Ratcliff et al., this volume).

Regarding adverse event reporting, Gandhi et al. (2000) identified methods of
detecting ADEs that include voluntary reporting, chart review, and computerized
monitoring (Gandhi et al. 2000). Common types of voluntary reporting used to
detect ADEs include spontaneous voluntary reporting and stimulated voluntary
reporting. Spontaneous voluntary reporting has been a common mechanism utilized
by institutions to identify ADEs, but this form of reporting identifies only a small
portion (approximately 5 %) of ADEs (Cullen et al. 2003). Relatedly, stimulated
voluntary reporting, a real-time verbal inquiry, made reporting quick and easy, but a
problem arose as ADEs were reported verbally, yet only a small fraction of these
ADEs were filed on a reporting system (Weingart et al. 2000). Another common
ADE identification method, chart review, looks retrospectively for ADEs docu-
mented in an individual’s medical chart. Importantly, conducting chart reviews
usually requires a substantial amount of training and is costly and time-consuming
(Gandhi et al. 2000). Accordingly, research has demonstrated that only a very small
percentage of events actually make it to the medical chart (Gandhi et al. 2000) and
that there can be significant variation in the review of ADE data (Bates et al. 1998;
Sanazaro et al. 1991). Computerized monitoring, which can screen administrative
and clinical databases and identify certain events, appears to be promising. Com-
puterized monitoring identified 731 ADEs in an 18month period, an eightfold
increase in ADE identification when compared to spontaneous voluntary reporting
alone (Classen et al. 1991). However, chart reviews are able to detect 20 % more
ADEs when compared to computerized monitoring; of note, computerized moni-
toring required 11 person-hours per week, while chart reviews required 55 person-
hours per week (Jha et al. 1991).

To improve adverse event identification and reporting, unified and consistent
definitions and systems of reporting must be developed. Suicide research and ter-
minology has been plagued by a lack of conceptual clarity and a large variability in
nomenclature, and developing universally applied definitions can allow for com-
parability of adverse events across clinical trials and research studies. Furthermore,
systematizing adverse event reports into a database can provide researchers and
investigators with a method to compare safety results (Califf et al. 1998). Ulti-
mately, developing comprehensive and accurate systems of reporting will allow for
prevention opportunities as certain patterns may be noticed.

4.10 Conclusion

Suicide prevention is of high national and international importance and identifi-
cation of at-risk individuals is the first necessary step toward prevention. Research
and clinical practice have been challenged by methodological limitations regarding
assessment of suicidal ideation and behavior. Such issues have undermined con-
fidence in epidemiological findings and have had a profound impact on drug safety
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questions. Systematic assessment for suicidal risk is feasible and provides more
reliable outcomes, establishing operationalized criteria for inclusion and exclusion
of trial participants, and specifying parameters for triggering referrals, thus
decreasing unnecessary referral and burden. Therefore, assessment of suicidal
ideation and behavior should be routinely integrated across public health settings.
Knowledge of the full range of suicidal ideation and behaviors and key criteria for
differentiating suicidal and nonsuicidal events is paramount to the advancement of
suicide risk assessment. Brief, feasible, research-supported risk assessment tools
can identify individuals at increased risk for suicide.
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Chapter 5
Stress and Vulnerability: A Developing
Model for Suicidal Risk

Jorge Lopez-Castroman, Emilie Olié and Philippe Courtet

Abstract A large body of research built over the last few decades examines the
interaction between stressful events and vulnerability traits to explain how a person
becomes suicidal. This stress-diathesis model has been extremely fruitful to
improve our understanding of suicidal behavior, but recent findings suggest that
interactions could be more complex than expected. Indeed, environmental insults
during pregnancy, childhood, or adolescence induce neurodevelopmental changes
that increase the vulnerability for suicidal behavior in later life. In this chapter, we
will outline the significance of recent neurodevelopmental findings for the stress-
vulnerability factors of suicidal behavior. The coherence and applicability of an
integrative neurodevelopmental model of suicidal behavior will be discussed in the
light of current research concerning genetics, neuroimaging, and neuropsychology,
and the new classification systems.

5.1 Introduction

Despite treatment and prevention advances on major psychiatric disorders, suicidal
behavior still constitutes a major public health problem. Research into this behavior
has increased exponentially during the last decade, and a complex network of
factors, both predisposing and triggering the suicidal acts, is being unraveled. This
dynamic network connects mental disorders, life experiences, social and familial
interactions, physical illness, and neurobiology into what is known as the suicidal
process. However, until a deeper understanding of the relationships between these
factors is developed, crucial issues such as yielding an accurate prediction of future
suicidal acts or determining the best treatment for suicidal patients remain distant.
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The term ‘stress’ names the reaction experienced by an individual when facing
an environmental condition that is either a threat, a challenge, or a concern. It has a
significant impact on mental health and is associated with suicidal acts, which can
be triggered by stressful situations even if the individual is not particularly pre-
disposed. Studies on suicidal behavior usually conceptualize stress as negative and
discontinuous events during the lifetime, but chronic stress also increases suicidal
risk (Fergusson et al. 2000). A number of interaction models linking stress and
suicidal risk have been proposed (Dwivedi and van Heeringen 2012). Most of these
models include the concept of diathesis, or constitutional vulnerability. Depending
on the model, clinical (McGirr and Turecki 2007), cognitive (Jollant et al. 2005),
anatomical (Jollant et al. 2011), or neurobiological (Mann and Arango 1992)
aspects of the diathesis are emphasized. However, the diathesis itself is not enough
to start a suicidal crisis. For instance, subjects with similar biological and experi-
ential background, such as monozygotic twins, may present or not suicidal behavior
depending on the stressful situations they are exposed to (Pompili et al. 2006).

5.2 Studies on the Stress-Diathesis Model

The explanatory model proposed by Mann and Arango (1992) integrated for the
first time neurobiology and psychopathology in a stress-diathesis model of the
suicidal process, and has served as a basis for many studies on suicidal behavior.
They posited the existence of common risk factors for suicidal behavior across
mental disorders, classifying them as state- (stressor) or trait-dependent (diathesis).
For instance, a depressive episode would trigger suicidal acts in subjects with
impulsive traits. Stressors would therefore determine the timing of the suicidal acts
(Fig. 5.1).

Although cumulative evidence in several domains supports a stress-diathesis
model of suicidal behavior, there are also conflicting results that highlight its
complexities. Psychosocial stressors such as poor social adjustment, job loss, or
declining health have been consistently associated with an increased risk of suicidal
behavior (Blackmore et al. 2008). However, the results of prospective studies

Fig. 5.1 The stress-diathesis
model of suicidal behavior
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examining the effect of life events on suicidal behavior have not been conclusive
(Oquendo et al. 2013). When examining longitudinally the determinants of suicide
attempts, Oquendo et al. (2013) found that health- and work-related life events, as
well as major depressive episodes, increased by 13-fold the risk of a subsequent
suicide attempt among depressed subjects, provided that they did not have comorbid
borderline personality disorder. They also found that predisposing features such as
female gender or suicidal cognitions were related to the risk and timing of the
suicidal act. Yet, among depressed subjects with borderline personality disorder, the
effect of life events or major depressive episodes on suicidal behavior appeared to be
buffered. Borderline personality disorder, a condition particularly predisposed to
suicidal behavior because of its association with pessimism, impulsivity, and early
trauma, seemed paradoxically to cope better with negative life events. The authors
hypothesized that a lower threshold for stress could explain these findings; “normal”
events could be as important as life events for borderline patients.

On the other hand, clinical studies have shown important differences between
suicide attempters and non-attempters independently of related mental disorders.
Suicide attempters present higher levels of impulsive aggression, hopelessness, and
more frequent familial history of suicidal behavior, personal history of childhood
adversities, and head injury. All of these factors are part of a diathesis for future
suicidal behaviors (Krakowski and Czobor 2004; Lopez-Castroman et al. 2012;
Oquendo et al. 2004; Perroud et al. 2008). However, although most subjects with
mental disorders never attempt suicide, psychopathology is probably the main risk
factor for suicidal behavior, present in 90 % of completed suicides and 80 % of
suicide attempts (Nock et al. 2010). In global rates there is a particular contribution
of affective disorders to suicidal behavior because of their high prevalence, but
anxiety disorders, psychotic disorders, eating disorders, and substance use disorders
(particularly use of alcohol or nicotine), as well as borderline personality disorder,
also contribute significantly (Bolton and Robinson 2010).

There is also convincing evidence on the influence of biological factors both as
predisposing and precipitating agents of suicidal behavior. The most consistent
biological finding in suicidal behavior is the implication of the serotonin system, the
dysfunction of which represents a constitutional risk factor. The largely replicated
findings of an association between low cerebrospinal fluid (CSF) levels of serotonin
and suicidal behavior, independently of psychiatric disorder, gave a substantial
weight to the existence of a specific biological suicidal vulnerability. A large
number of studies using different indicators of serotonergic dysfunction suggest that
this dysfunction may act as a vulnerability trait of suicidal behavior (Mann 2003).
On the other hand, abnormal stress responses such as hyperactivity of the hypo-
thalamic-pituitary-adrenal axis (HPA), evaluated with the dexamethasone sup-
pression test, are linked with suicidal behavior (Coryell and Schlesser 2001). Lastly,
a decrease in cholesterol and brain-derived neurotrophic factor (BDNF) levels,
measured in blood serum or plasma, have also been associated with impaired brain
plasticity among individuals with suicidal behavior (Lee and Kim 2011).

Mental or “psychic” pain is a concept that describes pervasive negative affect
that is experienced by the sufferer as pain (Orbach et al. 2003). Such affect can
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fluctuate somewhat widely in intensity, and some authors have pointed to mental
pain as an effective potential trigger of suicidal acts. Mental pain also seems to
increase the propensity to suicidal ideation (Olié et al. 2010), and can be assessed
and targeted for prevention (Mee et al. 2011). Interestingly, mental pain might
increase the risk of severe suicidal behaviors especially when accompanied by
difficulties with social communication and loneliness (Gvion et al. 2014).

The study of the notes left by suicide completers and psychological autopsy
studies indicate that suicide victims were nearly always suffering from a psychiatric
disorder and submitted to environmental stressors. However, environmental
stressors and psychiatric disorders are necessary but non-sufficient conditions for
attempting suicide. Long-term prospective studies reveal that suicide attempters are
at high risk of committing suicide in their lifetime (about 13 % will) (Tidemalm
et al. 2008). The personal history of suicide attempt is the main risk factor for
subsequent suicidal behavior, indicating the existence of a vulnerability to suicide.
Additionally, individuals suffering from a mental disorder are at particularly high
risk during the first years of illness. This suggests that suicidal vulnerability is more
easily expressed when subjects are exposed for the first time to major stresses
represented by a psychiatric condition. As an example, in a study of patients with
unipolar depression, rates of suicidal behavior were 74.4 % for the first episode,
18.8 % for the second one and 6.5 % for subsequent ones (Mann et al. 1999).

Prospective studies bring more evidence supporting the stress-diathesis model. A
cohort of adult affective patients after a major depression episode that was followed
prospectively for 2 years in New York showed an additive effect of the three most
powerful predictors of future suicidal acts (history of suicide attempt, subjective
severity of depression, and cigarette smoking) and also of another two predisposing
factors: pessimism and impulsive-aggression (Oquendo et al. 2004). Of note,
another prospective study by the same group demonstrated that clinical predictors
of suicidal acts vary between genders (Oquendo et al. 2007). In a 21-year longi-
tudinal study of a birth cohort of 1,265 New Zealand young adults, those who
developed major depression had increased rates of suicidal ideation and suicide
attempt. Again, suicidal ideation or suicide attempts appeared in a minority of
depressed young adults. Thus, additional factors seemed to modify the vulnerability
(or resilience) to suicidal responses, including: familial history of suicide, childhood
abuse, personality features, peer affiliations, and school performance (Fergusson
et al. 2003).

5.3 Current Directions: Genetics, Neuroimaging
and Neuropsychology

Genetic factors play a significant role in suicidal behaviors, and can interact with
stressful events to increase the risk of suicidal behavior. In an innovative study,
Caspi (2003) revealed that a variant of the serotonin transporter gene was associated
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with increased risk of suicidal ideation after significant life events. This finding was
later replicated in abused depressed patients (Shinozaki et al. 2013), psychiatric
inpatients with a history of suicide attempts (Gibb et al. 2006), and substance-
dependent patients (Roy et al. 2007). Apart from monoaminergic systems, other
gene x environment (GxE) interactions involving glutamatergic, GABAergic and
corticotrophin related genes are being investigated, as well as genes involved in
neurotrophic processes (particularly the gene encoding BDNF) or in inflammatory
processes (Mandelli and Serretti 2013; Perroud et al. 2008). Independently of
psychopathology, concordance rates of suicidal behavior ranging from 6 to 35 %
have been reported in studies examining monozygotic twins (Pedersen and Fiske
2010). Of note, although the transmission of suicidal behavior across generations
seems to be independent of Axis-I disorders, it could be mediated by intermediate
phenotypes (endophenotypes), like impulsive aggression or hopelessness (Courtet
et al. 2011).

Few studies have connected stress and suicide through neuroimaging. Jollant
et al. (2008) compared the neural correlates of implicit emotional processing in
euthymic males with a history of depression according to history of suicide attempt.
Men with a past history of suicide attempt showed increased sensitivity to anger
reflecting others’ disapproval, were more likely to act on negative emotions, and
paid less attention to mildly positive stimuli. These results support the hypothesis of
a predisposition for suicidal acts in negative circumstances (Jollant et al. 2008).
More recently, Reisch et al. (2010) used fMRI through the presentation of auto-
biographical scripts to reactivate the memories of a recent suicide attempt in
females. Three conditions were examined: mental pain, suicide action, and neutral
activity. The recollection of mental pain was associated with decreased prefrontal
activity compared to the recollection of suicide action, which showed an increased
activity in the frontal cortex. To explain their findings the authors hypothesized that
goal-directed suicidal behavior would be undertaken to reduce the mental pain,
which would act as a traumatic stressor.

The pursuit of neurocognitive markers of suicide vulnerability constitutes also a
very productive area of research. Suicidal behavior may be viewed as a conse-
quence of an altered decision process when facing stressful situations. Proof of such
alteration has been found in several studies mostly using the Iowa Gambling Task
among adolescent (Bridge et al. 2012) or adult populations (Jollant et al. 2005,
2010) of suicide attempters in which attempters appear to ignore past experiences
when performing a reward/punishment task (Dombrovski et al. 2010). Importantly,
the use of computerized association tests is a promising area of research that could
be used to identify individuals at risk in stressful situations (Cha et al. 2010).
Moreover, ecological momentary assessments through portable devices can be used
to obtain real-life longitudinal data of affective variability and suicidal ideation in
response to environmental stressors (Palmier-Claus et al. 2012).
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5.4 Life Is More Complex: Vulnerability Contributes
to Stress

On the one hand, alterations in decision-making, a putative suicidal endophenotype
involved in the ability of the individual to make choices in daily life, are correlated
to the occurrence of problematic affective relationships (Jollant et al. 2007),
threatening individual’s social bounds. On the other hand, according to the theory
of attachment (Bowlby 1977), the perception of being rejected or neglected, and by
extension being abused in childhood or in adulthood, leads to rejection sensitivity
and the perception of being unwanted in general (Ehnvall et al. 2008). Being
excluded or rejected leads to reactive behaviors, which could be dysfunctional:
aggressive, antisocial, or self-injurious behaviors (Williams 2007). To be impulsive/
aggressive or to be less prone to approach others due to pessimism/hopelessness
exacerbates the risk of social isolation. Social isolation and interpersonal difficul-
ties, both psychosocial stresses relevant to precipitate suicidal acts, may be partially
due to suicidal vulnerability factors. Interestingly, contacting people by telephone
one month after being discharged from an emergency department for deliberate
self-poisoning may help reduce the number of suicide re-attempts over 1 year,
independently of the identification of subjects at risk or the implementation of a
crisis intervention (Vaiva et al. 2006). This highlights the very powerful effect of
perceived social isolation.

Suicidal vulnerability may lead the subjects to consider non-stressful environ-
mental events as stressors because of hypersensitivity to psychological pain or
social exclusion. Indeed, using functional MRI, ventromedial prefrontal and cin-
gulate regions associated with suicidal vulnerability (Jollant et al. 2010, 2008) have
also been involved in social rejection/distress (Eisenberger et al. 2003) and psy-
chological pain perception (van Heeringen et al. 2010). Thus, the suicidal act relies
on a stress-vulnerability model, complicated by the role of vulnerability to
emerging stress.

5.5 Connecting Vulnerability-Stress
with Neurodevelopment

The interaction of disturbances during development with genetically modulated
temperaments may explain the triggering effects of later life stressors through
personality and coping styles. In other words, vulnerability traits determined by
alterations in neurodevelopment and biological substrates interact dynamically with
acute stressors enabling suicidal behavior.
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5.5.1 Prenatal and Perinatal Risk Factors

Neurodevelopment starts during pregnancy. Different research teams have descri-
bed a “birth season” effect in suicide, which may be independent of any associated
psychopathology. The largest study to date examined 6.5 millions persons and
80,000 suicides in Hungary and reported that suicide risk was associated with a
spring or summer birth: being born in July increased the risk by 14 % compared
with a birth in December (Döme et al. 2010).

Several hypotheses have been proposed to explain these surprising findings.
Brain insults by infectious agents during development could convey vulnerability
for suicidal behavior when interacting with particular genetic conditions. Seasonal
variations of serotonin metabolism, inducing decreases in CSF serotonin levels,
could also be associated with impulsivity and, secondarily, with an augmentation of
suicidal risk (Chotai et al. 2006). Finally, melatonin rates and circadian rhythms
vary depending on the season of birth among healthy new-born and the vesperal
chronotype is associated with impulsivity, which could lead to suicidal behavior
(Chotai 2005). Interestingly, subjects born in risk periods such as spring present
more often the “S” allele of the serotonin transporter that is associated with suicidal
vulnerability (Gonda et al. 2012).

Two very large cohorts followed prospectively for 30 years in Sweden and
Scotland support the influence of perinatal factors on suicidal risk. Future suicide
attempts, studied only in the Swedish cohort, were increased in subjects with small
birth length, multiparity, low sociocultural level, and young age of the mother
(Mittendorfer-Rutz et al. 2004). The risk of completed suicide was associated with
low birth weight and young maternal age in both studies, but an association with
multiparity and unemployment of the parents was additionally found in the Scottish
cohort (Riordan et al. 2006). On the other hand, postnatal growth could also play a
significant role. A weak weight gain in the first year after birth was associated with
a higher risk of suicide for 15,000 English subjects born between 1911 and 1930.
This finding was independent of birth weight, socio-economic level, and the type of
diet of the new-born (Barker et al. 1995). Finally, very preterm birth, childhood
maltreatment, and personality traits seem to have additive effects that influence the
age at onset of the first suicide attempt (Blasco-Fontecilla et al. 2013).

5.5.2 The Role of Childhood Maltreatment

Childhood maltreatment is strongly associated with suicidal behavior in adulthood
(Short and Nemeroff, this volume). It is also a prevalent life event that can be
reported by a majority of suicide attempters in some populations (Lopez-Castroman
et al. 2012). Childhood abuse interacts with family and genetic factors in increasing
the risk of early onset suicidal behavior, and higher impulsive aggressive traits
(Lopez-Castroman et al. 2012, 2014; Slama et al. 2009). The mechanisms that link

5 Stress and Vulnerability: A Developing Model for Suicidal Risk 93



childhood maltreatment and suicidal behavior remain unclear. Literature on neu-
rodevelopment has demonstrated that early trauma affects cognitive and affective
processes causing less intellectual performance, memory impairments, alterations in
executive functions, and emotional dysregulation (Pechtel and Pizzagalli 2010).
These impairments may confer an increased risk of adult psychopathology and
facilitate the onset of suicidal behaviors. Several authors have also proposed
impulsive aggression as a mediating factor between childhood abuse and suicidal
behavior. Although causal relations cannot be explored without prospective studies,
high impulsive aggression in abused patients is associated with more severe suicidal
behaviors (Lopez-Castroman et al. 2014).

5.5.3 Biological Embedding

Biologic transfer mechanisms, particularly changes in gene expression, might
explain the impact of negative life experiences, such as childhood abuse, in the
multifactorial process of suicidal behavior (See Dwevedi, this volume). The
mechanisms that allow early experiences to modulate brain development and
determine vulnerability or resilience seem to implicate epigenetic factors. Epige-
netic modifications lead to the repression or activation of genetic expression, and
have been identified in several genes (related with glucocorticoid receptors, BDNF,
arginine vasopressin system, and corticotropin-releasing hormone) in connection
with early environmental changes in animal models (review in: Turecki et al. 2012).

Although most of these studies examined post-natal epigenetic regulation, stress
during pregnancy may also induce epigenetic changes. Studies with rodents high-
light the importance of the timing of epigenetic alterations. Stress during early
pregnancy seem to allow an epigenetic reprogramming of the rat genome causing
long-term modifications on the HPA axis. The type of stress is also important,
minimal stressors could be associated with resilience, while massive or prolonged
stress would lead to developmental frailty.

The exact role of vulnerability genes in suicidal behavior warrants further
research. For instance, how the “s” allele of the serotonin transporter increases risk?
This is paradoxal because this allelic variant is associated with a diminished
recapture of serotonin, the mode of action of serotoninergic antidepressants that
have shown effectiveness in the prevention of suicide reattempts. Could this genetic
polymorphism act through neurodevelopmental means? Studies with knockout
mice support this hypothesis. If the mutation is viable, it would induce large
modifications with homeostatic consequences on neurodevelopment (Lesch and
Mössner 2006). Additionally, the early role of serotonin and its receptors in the
course of prenatal development, as well as its influence on the morphogenesis of the
brain, suggests that serotonin influences the development and brain maturation of
mammals before taking its role as a neurotransmitter. Besides, there seems to be a
common genetic background between neurodevelopmental alterations and suicidal
behavior (Perroud et al. 2008).
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5.5.4 Toward a Neurodevelopmental Model
of Suicidal Behavior

The neurodevelopment hypothesis was initially used to explain the pathophysiol-
ogy of schizophrenia. But being nonspecific, it is applicable to other mental dis-
orders, including suicidal behavior. Prospective cohort studies show that impulsive
aggression in childhood remains stable until adulthood and is associated with an
elevated risk of suicidal behaviors (Pihlakoski et al. 2006). Thus, Caspi et al. (1996)
described an increased risk of antisocial personality or depression in adulthood for
children of 3 years of age showing lack of self control or behavioral inhibition,
respectively. In both cases, the risk of suicidal behaviors was increased (Fig. 5.2).

At a biological level, serotoninergic abnormalities leading to suicidal vulnerability
have also been observed among adolescent subjects (Tyano et al. 2006). During
adolescence, environmental stressors may exacerbate imbalances in the function of
limbic and ventral prefrontal areas, leading to suicidal behavior, a risk that may be
mediated by genetic factors (Casey et al. 2010). Biological data for young children is
scarce, but points in the same direction (Clarke et al. 1999). The stability of impulsive-
aggression traits connected to serotoninergic systems (Oxenstierna et al. 1986) favors
the idea of an early onset of psychobiological disturbances that would be later
expressed as auto- or hetero- aggressive behaviors. Studies of epidemiological and
molecular genetics report similar findings in childhood and adolescence (Dwivedi and
Zalsman 2012).

There are also some neuropsychological indexes that support a neurodevelop-
mental model of suicidal behavior. A large Swedish prospective study found a clear
association between low intelligence and later suicide risk, independently of
socioeconomic level or mental disorders (Gunnell et al. 2005). Intellectual deficits
could be the consequence of alterations in early brain development and explain the
risk of suicidal behavior in adulthood. As mentioned before, decision-making
constitutes also a cognitive trait of suicide vulnerability that is modulated by the

Fig. 5.2 A developmental model of suicidal behavior
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interaction of sexual abuse in childhood and a genotypic variant of the CRH-R1
gene (Guillaume et al. 2013). Recent data suggest that anomalies in decision-
making might appear already in adolescence (Oldershaw et al. 2009).

Therefore, certain cognitive anomalies may have an early onset in the course of
neurodevelopment under the effect of genetic or environmental factors in childhood
or even pregnancy. We do not yet know the precise timing when cognitive alter-
ations appear. Are they present in early development or are they dependent of brain
maturation processes, like adolescent “pruning”? Current data suggest that perinatal
events increase suicidal risk by inducing stable epigenetic changes that affect the
expression of genes coding for neurotrophic factors and proteins involved in stress
regulation. These epigenetic modulations would cause subsequently neurobiologi-
cal alterations such as hyperactivity of the HPA axis, which would in turn be
associated with the development of specific emotional or behavioral phenotypes
characterized by anxiety or impulsive-aggression.

The neurodevelopmental model of suicidal behavior emphasizes the importance
of early development, a period particularly sensitive to negative experiences, in
human as in animal models, that could lead to long-term consequences. However,
this does not imply that any anomaly would make subjects become suicidal. It
rather conveys a dynamic conception where later environmental factors modulate
the deleterious effects of early insults. This understanding of suicidal vulnerability
could thus allow a better prevention and early screening of subjects at risk that
could be targeted by new treatment strategies.

5.6 Significance for New Classification Systems (DSM-5)

The inclusion of suicidal behavior disorder in the last edition of the Diagnostic and
Statistical Manual of Mental Disorders (DSM-5) finally recognizes the specificity of
suicidal behavior. It is defined by the existence of a suicide attempt, as opposed to
suicidal ideation or non-suicidal self-harm, in the last 2 years. This corresponds with
the previously discussed idea of suicidal vulnerability conveyed by a recent suicide
attempt, which identifies subjects at high risk of recurrence that could be targeted for
prevention efforts. The DSM-5 mentions some examples of environmental stressors
that should be taken into account when evaluating the suicide risk: “recently learning
of a potentially fatal medical diagnosis such as cancer, experiencing the sudden and
unexpected loss of a close relative or partner, loss of employment, or displacement
from housing” (American Pychiatric Association 2013).

Research in the last 40 years has provided enough evidence of suicidal behavior
as a distinct entity, that complies with all the validity criteria for psychiatric
nosology proposed by Robins and Guze (1970). In fact, several authors have
advocated for its inclusion in diagnostic manuals (Oquendo et al. 2008). These
criteria include: 1) a good clinical description and clear borders with differential
diagnoses (Posner et al. 2007); 2) the identification of postmortem and in vivo
markers, such as serotonin dysfunction, HPA axis hyperactivity, cognitive
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impairments, or neuroanatomical anomalies described above; 3) the confirmation of
prospective increases of suicidal behaviors among patients with these markers
(Oquendo et al. 2006); 4) the transmission of risk across generations (Brent and
Melhem 2008), which has been confirmed by molecular genetics and G x E studies.

It is to be expected that the specific category of suicidal behavior will favor
suicide evaluation, treatment, and prevention. Existing evidence clearly demon-
strates that suicide risk is neither adequately evaluated nor sufficiently treated. Until
now, practicing psychiatrists or clinicians could not include suicidal behaviors
among diagnoses and according to DSM-IV they would only evaluate suicidal risk
in some specific mental disorders such as major depression. A patient with
schizophrenia hospitalized due to a suicidal crisis is currently discharged with just a
diagnosis of schizophrenia, omitting the main condition that motivated the episode
of care. Furthermore, the specificity of suicidal behavior disorder as a psycho-
pathological condition emphasizes the need for specific treatment approaches.
These treatments exist. For instance, lithium has anti-suicidal properties and
selective serotonin reuptake inhibitors reduce impulsive-aggression, independently
of their effect on depression (Cipriani et al. 2013).

In summary, the stress-diathesis model provides a framework in which to
integrate suicidal behavior disorder, and may facilitate interventions through spe-
cific treatment or prevention strategies targeting subjects at risk. The complexity of
suicidal behavior demands an adjustment of current treatments considering bio-
logical markers and psychosocial factors.
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Chapter 6
Traumatic Brain Injury (TBI)
and Post Traumatic Stress Disorder
(PTSD) as Risk Factors for Suicidal
Thoughts and Behaviors

Sarra Nazem, Eryn Lonnquist, Lindsey L. Monteith
and Lisa A. Brenner

Abstract Posttraumatic stress disorder (PTSD) and traumatic brain injury (TBI)
are associated with increased risk for suicidal thoughts and behaviors. This chapter
explores possible underlying neurocognitive and neuroanatomical factors related to
PTSD and TBI that may contribute to increased susceptibility to suicidal thoughts
and behaviors. The neurocognitive working model of suicidal behavior is used as a
guiding framework (Jollant et al. 2011). Possible mechanisms involving altered
modulation of value attribution, impaired regulation of emotional and cognitive
responses, and facilitation of acts in an emotional context are explored within
PTSD, TBI, and their co-occurrence. Discussion of clinical implications and lim-
itations of this conceptual model, as well as directions for future research are
provided.
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6.1 Introduction

Suicide rates among members of the United States (U.S.) military have increased
substantially since the commencement of Operation Iraqi Freedom (OIF) and
Operation Enduring Freedom (OEF). At the same time, posttraumatic stress dis-
order (PTSD) and traumatic brain injury (TBI) have been identified as “signature
wounds” of these conflicts (Brenner, Vanderploeg and Terrio, 2009). These con-
ditions frequently co-occur, and are individually associated with suicidal thoughts
and behaviors (Bahraini et al.’s 2013; Bullman and Kang 1994; Ilgen et al. 2010;
Brenner et al. 2011b); thus, understanding the neurocognitive and neuroanatomical
mechanisms by which they confer risk is critical. To facilitate this process, the
neurocognitive working model of suicidal behavior is used (Jollant et al. 2011). We
begin with brief overviews on PTSD, TBI (mild, moderate, and severe), and co-
occurring PTSD and TBI – describing their epidemiology and their associations
with risk for suicidal thoughts and behaviors, with specific attention to military
personnel and veteran samples. Subsequently we review Jollant et al. (2011) model
and propose how it can be used to understand the association between PTSD and/or
moderate to severe TBI with suicidal behaviors. The chapter concludes with clinical
implications and recommendations for future research.

6.2 Posttraumatic Stress Disorder

6.2.1 Definition

In the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5),
Posttraumatic Stress Disorder (PTSD) is defined as a trauma- and stressor-related
disorder that can occur following exposure to a traumatic event (American Psy-
chiatric Association 2013). DSM-5 criteria includes 20 potential symptoms, which
fall into four different clusters: intrusive symptoms; avoidance; negative alterations
in cognitions and mood; and alterations in arousal and reactivity. To be diagnosed
with PTSD, an individual must experience the onset or exacerbation of symptoms
for at least one month following exposure to the trauma, and the symptoms must
cause significant distress and/or impairment.

6.2.2 Epidemiology

The lifetime prevalence of combat-related PTSD among U.S. Veterans and military
personnel ranges from 6 to 31 %, with a point prevalence of 2–17 % (Richardson
et al. 2010). In OEF/OIF service members, a population-based study estimated the
prevalence of current PTSD to be 13.8 % (Tanielian and Jaycox 2008). This is
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consistent with recent findings among previously deployed OEF/OIF service
members and veterans, in which estimates of PTSD in non-treatment-seeking
samples ranged from 5 to 20 % (Ramchand et al. 2010). In treatment-seeking
samples, estimates range from 4 to 50 % (Ramchand et al. 2010). These are sig-
nificantly higher than those among the general U.S. population. Among a nationally
representative sample of U.S. adults, the lifetime prevalence of PTSD was 6.8 %
(Kessler et al. 2005a), and the 12-month prevalence of PTSD was 3.5 % (Kessler
et al. 2005b).

6.2.3 Association with Suicide

6.2.3.1 Suicidal Ideation

Several recent reviews on PTSD and suicide risk—including two meta-analyses
(Krysinska and Lester 2010; Panagioti et al. 2012) and one systematic review
(Pompili et al. 2013)—have found PTSD to be associated with increased risk for
suicidal ideation (SI). Among OEF/OIF veterans, those who screened positive for
PTSD were 4.45 times more likely to report SI (Jakupcak et al. 2009). Subthreshold
PTSD symptoms are also associated with SI (Marshall et al. 2001).

6.2.3.2 Suicide Attempt

PTSD is also associated with suicide attempt (SA). A recent review of PTSD and
suicidal self-directed violence (SDV) concluded that approximately 24–40 % of
veterans diagnosed with PTSD had attempted suicide (Panagioti et al. 2009). Of
note, these rates were based primarily on samples of Vietnam-era veterans with
chronic PTSD; in contrast, research on the association between PTSD and SAs
among OEF/OIF veterans has been limited. Nonetheless, extant research suggests
that PTSD is significantly associated with a history of SA. Although comorbid
psychiatric diagnoses—such as major depression—further compound suicide risk,
the association between PTSD with SI and SAs remains significant after controlling
for other psychiatric diagnoses (Krysinska and Lester 2010; Panagioti et al. 2009,
2012).

6.2.3.3 Suicide

In contrast to the robust literature on PTSD and increased risk for SI and SA,
research on PTSD and suicide death is limited (Panagioti et al. 2012). Bullman and
Kang (1994) found that, among male Vietnam veterans, those with PTSD were
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significantly more likely to die by suicide (relative risk = 3.97; 95 % confidence
interval = 2.20–7.03) than those without PTSD. Ilgen et al. (2010) obtained similar
findings with a sample of veterans who used Veterans Health Administration
(VHA) services. Veterans with a diagnosis of PTSD were 1.93 times more likely to
die by suicide (95 % confidence interval for hazard ratios: 1.79–2.08), compared to
veterans without PTSD.

Three recent studies with varying populations and methodological approaches
did not find PTSD to be significantly associated with suicide (Desai et al. 2005;
LeardMann et al. 2013; Zivin et al. 2007). Desai et al. (2005) examined suicide risk
factors among veterans discharged from VA psychiatric inpatient units with a
diagnosis of PTSD, schizophrenia, bipolar affective disorder, or major affective
disorder. Veterans with a PTSD diagnosis at discharge had significantly lower
suicide rates, compared to veterans without PTSD. Zivin et al. (2007) conducted a
retrospective cohort study of suicide risk factors in depressed veterans, using data
from the VA National Registry for Depression. Unexpectedly, veterans with
comorbid PTSD and depression had lower rates of suicide than depressed veterans
without PTSD; the authors speculated that this may be due to veterans with PTSD
receiving more mental health treatment than veterans without comorbid PTSD.
Most recently, LeardMann et al. (2013) conducted a prospective cohort study with
former and current military personnel using data from the Millennium Cohort
Study. PTSD (i.e., a positive PTSD screen or self-reported lifetime diagnosis of
PTSD) was not significantly associated with suicide in unadjusted or adjusted (i.e.,
age and sex) analyses.

Although these three studies did not find PTSD to be significantly associated
with suicide, several important factors should be considered. For example,
increased suicide risk associated with PTSD may differ based on population and
methodological approaches (e.g., inpatient population, depressed sample, length of
follow-up time). Furthermore, PTSD may not confer additional risk for suicide
when considered in relation to other disorders or when comorbid with disorders.

6.2.4 Summary

In sum, PTSD appears to be associated with SI and SAs (Krysinska and Lester 2010;
Panagioti et al. 2009, 2012). In some circumstances, PTSD is associated with suicide
(Bullman and Kang 1994; Ilgen et al. 2010); however, this association has not been
found when examining veterans in more acute settings (Desai et al. 2005) or with
pronounced psychiatric comorbidity, suggesting that the association between PTSD
and suicide is likely complex and influenced by the presence of other psychiatric
disorders (Desai et al. 2005; Zivin et al. 2007). More research is needed to identify
potential moderators of the association between PTSD and suicide.
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6.3 Traumatic Brain Injury

6.3.1 Definition

Using Department of Defense criteria, traumatic brain injury (TBI) is defined as a
“traumatically induced structural injury and/or physiological disruption of brain
function as a result of an external force that is indicated by […]: any period of loss
or a decreased level of consciousness (LOC); any loss of memory for events
immediately before or after the event; any alteration in mental state at the time of
the injury […]; neurological deficits […] that may or may not be transient; or
intracranial lesion” (Department of Veterans Affairs and Department of Defense
2009). Severity of injury can be determined by duration of LOC, duration of
posttraumatic amnesia, and severity of Glasgow Coma Scale at initial evaluation.

Blast exposure is the most common mechanism for TBI among OEF/OIF service
members, though traditional mechanisms of injury (e.g., falls, vehicular accidents)
have also been reported (Terrio et al. 2009). Although significant work is being
conducted to increase understanding of underlying mechanisms of blast injury, it is
believed that with traditional mechanisms, the brain is pushed against the sides of
the cranium, resulting in direct injury at the site of the impact and indirect injury
across from the site of the blow (Bigler 2001). Based on the hard, inflexible nature
of the skull, the brain is particularly susceptible to direct injury along the frontal and
temporal lobes, where the sphenoid bone divides the anterior and middle fossas,
resulting in commonly seen frontotemporal deficits in TBI (Bigler 2007). However,
shear injury can occur from rotational forces sustained during the injury. These
rotational forces cause Diffuse Axonal Injury (DAI), which consists of multifocal
injury to white matter tracts in the brainstem, parasagittal white matter of the
cerebral cortex, corpus callosum, and the gray-white junctions of the cerebral cortex
(Meythaler et al. 2001). Vascular compromise, edema, and a cascade release of
excitotoxic chemicals (Bigler 2001) may also contribute to cognitive, physical, and
emotional dysfunction (Van Der Naalt et al. 1999).

6.3.2 Course

Typically, most people who sustain a mild TBI (mTBI) return to baseline func-
tioning within one year. Between 7 and 33 % of individuals with mTBI continue to
have symptoms one year after injury (Belanger and Vanderploeg 2005). However,
in moderate to severe TBI, symptoms are more persistent with one study showing
recovery to preinjury levels at only 40 % in cognitive competency, leisure, and
recreation (Dikmen et al. 2003). Moreover, Draper and Ponsford (2008) found that
patients showed significant impairment on measures of processing speed, memory,
and executive function, with severity of injury being correlated with more affected
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test performance. Executive dysfunction is strongly linked to cognitive, behavioral,
and functional outcomes, including community integration (Hanks et al. 1999).

6.3.3 Epidemiology

Approximately 8–22.8 % of military personnel deployed to Iraq or Afghanistan
report a history consistent with mTBI (Hoge et al. 2008; Schneiderman et al. 2008;
Terrio et al. 2009). Within OEF/OIF service members from 2000 to 2012, the
majority of TBIs sustained are mild (77 %), as opposed to moderate (17 %) or
severe (2 %) (Fischer 2013). In a sample of veterans from all eras seeking VHA
mental health services, Brenner et al. (2013) found that the prevalence of probable
TBI (based on a TBI screen) was 45 %. A subset of participants were interviewed
and reported that the severity of their worst lifetime TBI was 57 % mild, 16 %
moderate, and 27 % severe (Brenner et al. 2013).

6.3.4 Association with Suicide

6.3.4.1 SI

Research on TBI and subsequent SI has been limited. An initial systematic review
on suicidal thoughts and behaviors following TBI was conducted by Simpson and
Tate (2007), who concluded that individuals with TBI report high rates of SI,
ranging from 3 to 33 % with the majority of studies obtaining rates above 10 %.
More recently, Bahraini et al. (2013) conducted an update to Simpson and Tate’s
(2007) review. They identified two new studies which reported rates of SI among
those with TBI (mild, moderate, or severe) as ranging from 28.3 % in a community
sample (Tsaousides et al. 2011) to 72.7 % among veterans with post-TBI psychi-
atric hospitalization (Gutierrez et al. 2008).

6.3.4.2 SA

In their systematic review, Simpson and Tate (2007) reported a wide range of SA
prevalence rates among individuals with TBI, ranging from 1 to 60 %, and
attributed the variability to methodological issues. Bahraini et al. (2013) identified
two new studies that reported on rates of SA among individuals with TBI. In a
sample of veterans evaluated by an interdisciplinary TBI team, 7.1 % had a SA
documented in their VA medical record in the 2 years following their TBI (mild,
moderate, or severe; Breshears et al. 2010). A much higher rate of post-TBI SA
(27.3 %) was observed in a sample of veterans with a history of TBI (primarily
moderate or severe) and post-TBI psychiatric inpatient admissions. However, these
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findings were based on a small sample (n = 22; Gutierrez et al. 2008). In regard to
these samples, Bahraini et al. (2013) noted concerns regarding potential biases.

6.3.4.3 Suicide

Findings regarding TBI and death by suicide are more robust. Both systematic
reviews on TBI and suicide (Bahraini et al. 2013; Simpson and Tate 2007) found
evidence for an increased risk of suicide among TBI survivors. In a seminal Danish
study, civilians with TBI (varying levels of severity) had a higher incidence of
suicide when compared to the general population (Teasdale and Engberg 2001).
Using a retrospective cohort design, Brenner et al. (2011b) found that veterans in
the VHA with any history of TBI (i.e., collapsing all levels of injury severity) were
1.55 times more likely to die by suicide, compared to veterans with no TBI history,
adjusting for demographics and psychiatric diagnoses (including PTSD).

6.3.5 Summary

TBI does appear to have a clear association with suicide. Further research is
required to confirm initial findings which suggest associations between TBI and SI
and SA.

6.4 Co-occurring PTSD and TBI

6.4.1 Epidemiology

As trauma exposure can entail both psychological and biomechanical trauma, PTSD
and TBI can also co-occur. Estimates of PTSD among military personnel and
veterans with TBI vary widely. One recent review reported rates ranging from 12 to
89 % (Bahraini et al. 2014); however as methodological factors can impact esti-
mations of co-occurrence, research on the prevalence of co-occurring PTSD and
TBI should be interpreted cautiously. Despite existing challenges, Carlson et al.
(2011) noted “strikingly consistent” (p. 110) findings among three large studies
with military personnel who served in OEF/OIF (Hoge et al. 2008; Schneiderman
et al. 2008; Tanielian and Jaycox 2008). That is, 5–7 % of individuals screened
positive for both mTBI and PTSD (Carlson et al. 2011). Furthermore, among
individuals who screened positive for probable mTBI, 33–39 % also screened
positive for probable PTSD (Carlson et al. 2011). In terms of symptoms, individuals
with co-occurring PTSD and mTBI report more severe post-concussive and PTSD
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symptoms (Barnes et al. 2012; Brenner et al. 2010; Ragsdale et al. 2013; Schnei-
derman et al. 2008).

6.4.2 Association with Suicide

6.4.2.1 SI

When examining the impact of TBI on SI among those with PTSD, TBI has not
been found to be a significant predictor. Two retrospective cross-sectional studies
were conducted with veterans and military personnel with PTSD; both found that
those with a history of mTBI were no more likely to report SI than those without
mTBI (Barnes et al. 2012; Romesser et al. 2011). Several methodological concerns
severely limit the validity of these findings, including the use of single-item mea-
sures of SI, inconsistent or unclear criteria for establishing the absence of TBI, and
not sufficiently controlling for potential confounders (Bahraini et al. 2013). Addi-
tionally, the study by Barnes et al. (2012) was not sufficiently powered to detect
small effects, and it was unclear whether lifetime mTBI history was assessed in the
control group (Bahraini et al. 2013).

6.4.2.2 SA

In regard to the association of co-occurring PTSD and TBI on SA, PTSD signifi-
cantly predicts past SA, irrespective of TBI history. Brenner et al. (2011a) found
that veterans with both PTSD and TBI (i.e., mild, moderate, or severe) were 3.29
times more likely than veterans with TBI only to have a history of SA. Addi-
tionally, veterans with comorbid PTSD and TBI were 2.54 times more likely than
veterans with neither TBI nor PTSD to have a prior SA.

6.4.2.3 Suicide

No studies were identified that examined the impact of co-occurring PTSD and TBI
on suicide.

6.4.3 Summary

The co-occurrence of PTSD and TBI appears to be highly variable and population
dependent. Studies of SI in those with co-occurring TBI and PTSD have not been
significantly powered and have had methodological problems, limiting available
knowledge in this area. However, studies have found a positive association among
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PTSD, TBI, and SAs. Taken together, the findings noted above suggest that further
investigation regarding the co-occurrence of TBI history and PTSD on SI, SA, and
suicide is warranted.

6.5 Jollant et al. (2011) Three-Step Suicidal Process and
Underlying Impairment

Jollant et al. (2011) suggest that the suicidal process can be understood as a
sequence of three steps from triggering of automatic negative emotions, to intense
and prolonged negative emotional states; to the suicidal act. Moreover, the authors
highlight the importance of understanding potential cognitive and neuroanatomic
factors that may facilitate each of the distinct steps. In order to develop a neuro-
cognitive working model of common factors underlying the three-step process,
Jollant et al. (2011) conducted a review of studies focused on SDV and cognitive
and neuroanatomical dysfunctions. Neuropsychological and imaging studies pub-
lished prior to 2010 were identified and reviewed. Areas of cognitive dysfunction
identified included: high attention to specific emotional stimuli (“five positive
studies including one fMRI study”); impaired decision making (“four positive and
two correlational studies”); lower problem-solving abilities (“numerous positive
studies”); reduced verbal fluency (“three positive and one negative study”); non-
emotional attention (“two positive and two negative studies”); and reversal
learning (“two positive, three negative and one positive correlational studies”)
(p. 321). In terms of neuroimaging, the authors suggest that the most robust findings
emerged from comparisons between patients who had attempted suicide and those
who had not. Areas implicated included the: ventrolateral prefrontal cortex (PFC)
(“two structural, two functional and two correlational studies”); anterior cingulate
gyrus (“two functional”, “one pharmacological” and “two correlational studies”);
dorsomedial PFC (“one functional and two correlational studies”); dorsolateral
PFC (“one structural and one correlational study”); and potentially to a lesser
degree the amygdala and medial temporal cortex (“one structural and one func-
tional study”) (p. 321).

Based upon neuropsychological and neuroanatomical findings, Jollant et al.
(2011) hypothesize that three areas of cognitive dysfunction may be implicated in
facilitating suicidal crises during periods of stress. These include: altered modulation
of value attribution; reduced regulation of emotional and cognitive responses; and
facilitation of acts in emotional contexts (Fig. 6.1). Clinically, these areas of cognitive
function can be observed as: (1) value attribution—increased sensitivity to others and
the environment; (2) reduced regulation of emotional and cognitive responses—poor
problem-solving skills, lack of cognitive flexibility; and (3) facilitation of acts in
emotional contexts—impulsivity or challenges associated with disinhibiting behav-
ior (Homaifar et al. 2012b; Jollant et al. 2011). As will be explored below, each of
these areas has also been studied vis-à-vis PTSD and/or TBI.
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6.6 Altered Modulation of Value Attribution and
Underlying Neuroanatomical Dysfunction

6.6.1 PTSD

The hallmark symptoms of PTSD can be attributed to both underlying emotional
and cognitive processes. Furthermore, these two processes are thought to interact
with one another to both explain the emergence and maintenance of the disorder.
For example, Brown and Morey (2012) have proposed an emotion-cognition
interaction model which is based on two networks of altered brain activation (i.e.,
trauma-disrupted network and a fear learning network). Evidence for deficits within
these two networks could potentially explain predisposition, or susceptibility, for
suicidal behavior among individuals with PTSD.

As commonly seen in the clinical presentation of the disorder, individuals with
PTSD often struggle with the ability to accurately assign value to external events.
This inability is reflected by struggles with re-experiencing, hyperarousal, and
avoidance symptoms. Behavioral processes of fear conditioning and extinction are

Medial and dorsolateral 
prefrontal cortex

Dorsolateral 
prefrontal cortex

Amygdala/Ventrolateral 
prefrontal cortex

1. Triggering of automatic negative 
emotions.

Altered modulation of value 
attribution (including sensitivity to 
social environment & impaired risk 
processing and decision-making)

2. Intense and prolonged negative emotional state.

Impaired regulation of emotional and cognitive responses
(including impaired problem solving abilities and verbal fluency & 
increased self-focus)

3. Suicidal act

Facilitation of acts in 
emotional context (including 
diminished response 
inhibition)

Fig. 6.1 Jollant et al. (2011) Model
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often used to explain how PTSD may impact the ability to accurately assign value
to external stimuli. For example, several studies and reviews have found evidence
for enhanced fear conditioning (Hayes et al. 2012) in individuals with PTSD.
Imaging results suggest greater activation in the amygdala in PTSD (Etkin and
Wager 2007; Liberzon and Sripada 2007; Shin et al. 2005, 2006; Shvil et al. 2013),
which is important given that the amygdala is involved in the assessment of threat-
related stimuli. Studies suggest that individuals with PTSD show greater activation
in the amygdala when presented with both trauma-related stimuli and affective
stimuli (Shin et al. 2006; Shvil et al. 2013). The hyperresponsivity of the amygdala
likely intensifies processes associated with risk-detection, especially as it relates to
hyperarousal and vigilance (Liberzon and Sripada 2007), thus making it more likely
that the individual is inaccurately assessing value of external events. This initial
inability to perceive the environment accurately plays an integral role in processes
to follow, such as those that underlie attention, memory, and problem solving.

Across a variety of different paradigms (e.g., emotional stroop), evidence sug-
gests that individuals with PTSD suffer from attentional biases. These biases appear
to relate primarily to an individual’s inability to disengage from negative stimuli
(Hayes et al. 2012) and have been found to be positively associated with intrusive
symptoms (Weber 2008). Together these findings suggest a feedback loop in which
difficulty disengaging from negative stimuli increases the likelihood of intrusive
symptoms, which in turn facilitates continued attentional bias. These attentional
biases also have direct implications for memory encoding processes, as greater
resources may be directed toward encoding emotional information (Hayes et al.
2012) at the cost of neutral information.

The brain structures (e.g., amygdala, dorsal anterior cingulate cortex (ACC),
insula, ventromedial PFC) thought to be implicated in the previously described
deficits seen in PTSD do not completely overlap with brain areas thought to be
associated with altered value attribution seen in individuals with a history of sui-
cidal behavior (Jollant et al. 2011); however, findings do suggest similar underlying
processes related to suicide risk. The hyperactivation of the amygdala, a key
defining feature of the fear network, could present susceptibility of both increased
negative emotions (e.g., anger) and biased perceptual processes. Due to elevation of
threat perceptions in the environment with subsequent difficulty disengaging from
negative stimuli, an individual with PTSD is likely to engage in disadvantaged
decision making, which appears to be associated with a predisposition to suicidal
behavior (Jollant et al. 2011).
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6.7 Impaired Regulation of Emotional and Cognitive
Responses and Underlying Neuroanatomical
Dysfunction

6.7.1 PTSD

The triggering of automatic negative emotions and attentional biases, especially
over prolonged periods of time, likely contributes to intense and prolonged negative
states. In fact, several authors suggest that the emotional and cognitive resources
that are dedicated to threat perception leave fewer resources available to oversee the
regulation of responses (Hayes et al. 2012; Weber 2008). Intense negative states
with poor emotional and cognitive regulation could likely present greater suscep-
tibility to suicidal behaviors, especially via processes related to hopelessness and
rumination.

Neuroimaging studies have provided evidence that hyperactivity in emotion
processing networks (e.g., amygdala, ventrolateral PFC, medial PFC) and hypo-
activation in the dorsal executive functioning processing networks are associated
with impaired maintenance of information in working memory (Hayes et al. 2012).
Impaired maintenance of information within working memory due to emotional
distraction likely has important implications for emotional and cognitive regulation.
For example, these deficits could impact concentration ability, mental flexibility,
and memory encoding, all aspects necessary to regulatory mechanisms.

In addition to deficits in working memory, individuals with PTSD consistently
show bias for both episodic and autobiographical memories (Weber 2008). For
example, individuals with PTSD show greater memory bias for traumatic infor-
mation, and studies have found that individuals with PTSD perform worse when
asked to recall personal memories compared to individuals without PTSD (Hayes
et al. 2012). Findings suggest that recall often lacks detailed information and shows
consistent “gist-like” performance across both traumatic memories and neutral/
positive events (Hayes et al. 2012). Implications for this type of biased memory
could facilitate reduced problem-solving abilities, especially given the deficit in
memory for autobiographical events. As discussed by Jollant et al. (2011), poor
recall, or biased recall, for autobiographical events, likely creates even greater
difficulty when attempting to generate solutions for emotional regulation based on
prior experience.

The hypoactivation of the mPFC may be a large contributor to difficulties in
emotional and cognitive regulation. In addition to providing inhibitory control over
the amygdala, the mPFC is believed to play a role in the contextualizing of stimuli,
which helps guide the selection of appropriate responses based on environmental
factors (Liberzon and Sripada 2007). Diminished functioning of the mPFC, which
is tasked with regulation of affect and integration of emotional and cognitive
information, then, is likely less effective in larger executive control processes,
especially when affective content is triggered (Brown and Morey 2012). Further-
more, deficits in the mPFC are likely associated with diminished habituation of
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amygdala responses (Shin et al. 2005). Together, the lack of inhibitory control,
poorer extinction/habituation processes, and overall diminished functioning of the
mPFC, contribute to greater demands on the fear network. These greater demands
tax emotional and cognitive regulatory abilities, especially when activated within an
emotional context and could prolong the negative emotional state and reduce
problem-solving abilities, both factors that may contribute to suicide risk.

6.8 Facilitation of Acts in Emotional Context Underlying
Neuroanatomical Dysfunction

6.8.1 PTSD

The ability to engage in complex goal-directed behavior requires the synthesis of
many of the aforementioned processes, especially those involving attention,
working memory, flexibility, and planning. Given that many of these processes are
impacted when PTSD is present, overall executive control of behavior is likely
challenged. Poor regulation of attention and responses to stimuli likely play a large
role in the development of potentially maladaptive coping mechanisms (Aupperle
et al. 2012). Regardless of whether these coping mechanisms are either directly or
indirectly associated with suicidal behaviors, the presence of maladaptive coping
mechanisms, especially due to underlying difficulties with response inhibition,
could present another view of neurobiological susceptibility for suicidal behaviors.

Several researchers have suggested a possible functional relationship between
the amygdala and mPFC (Hayes et al. 2012; Shin et al. 2005, 2006). This functional
relationship may help to conceptualize how the aforementioned areas of suscepti-
bility for risk interact with one another to facilitate additional suicidal risk. Neu-
roimaging studies suggest that there may be a functional exchange between
hyperactivation of prefrontal areas and the hypoactivation of inhibition areas
(Aupperle et al. 2012). Hyperactivation promotes biased perception of increased
negativity, while hypoactivation leads to the inability to manage incoming infor-
mation within the context of competing contextual stimuli. For example, studies
using several paradigms (e.g., continuous performance tasks, Go/No-go, attention
network tasks) consistently find that individuals with PTSD have difficulty with the
inhibition of automatic responses (Aupperle et al. 2012). Additional findings sug-
gest that individuals with PTSD also have difficulty disengaging from emotional
stimuli, which as previously described effects memory and working memory, but
also overall executive function. If unable to disengage from emotional stimuli,
behavioral responses (including those aimed at regulatory function) could likely be
characterized by more emotional valence (Etkin and Wager 2007). Furthermore,
inability to disengage or inhibit responses to a stimulus that is emotionally taxing
promotes avoidance behavior, which further reinforces the pattern of maladaptive
coping. Heightened emotional coping and/or avoidance are key factors that
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maintain PTSD symptoms. These same behaviors, however, could also serve as
catalysts to more severe forms of inadequate coping, such as suicidal behaviors.

6.9 PTSD and Suicide: Overall Conclusion

Although the disruptions of emotional and cognitive processes in PTSD do not
completely overlap with those described by Jollant et al. (2011), the nature of these
disrupted processes do share similarities with the proposed model. First, hyperac-
tivation of the amygdala results in increased opportunities for negative emotional
triggers. These triggers are predominated by threat characterization and effect the
ways in which the individual responds to the environment. These increased affec-
tive triggers dominate the neurocognitive profile, making problem solving
increasingly difficult, leading to poorer emotional and cognitive control, with fewer
resources devoted to response inhibition. This increased susceptibility may help to
explain why individuals with PTSD may be at greater risk for suicidal behaviors.

6.10 Altered Modulation of Value Attribution and
Underlying Neuroanatomical Dysfunction

6.10.1 Moderate to Severe TBI

Focal injuries to the frontal and temporal lobes are common after a TBI (Bigler
2001). As a result, those with moderate to severe injury often present with
dysexecutive, behavioral, affective, and cognitive problems (Bigler 2001; Zappala
et al. 2012; Stuss 2011). In turn, those with a history of TBI can have a dramatic
change in personality, impulse control problems, lack of social awareness, disin-
hibition, and attention modulation deficits. Each of these areas of deficit is likely to
interact with one another to facilitate increased risk for suicidal behavior. Moreover,
they correspond with aspects of the Jollant et al. (2011) model.

While value attribution as defined by Jollant et al. (2011) has not been directly
studied in TBI, many related topics have been, such as the executive dysfunction
seen in rumination. This has a strong relationship with hopelessness, depression,
and impaired problem-solving ability as well as with SI and suicidal behavior
(Morrison and O’Connor 2008). Increased rumination may impact the ability to
accurately assign value to external and internal events. Rumination has been
localized to the anterior and posterior medial PFC, areas known to be frequently
damaged in TBI (Bigler 2001). Disruption of these areas by TBI may lead to
problems in regulating the amount of rumination occurring in those with SI.

114 S. Nazem et al.



6.11 Impaired Regulation of Emotional and Cognitive
Responses and Underlying Neuroanatomical
Dysfunction

6.11.1 Moderate to Severe TBI

Impaired regulation of emotional and cognitive responses is one of the hallmarks of
TBI, including emotional instability or lability, depression, and dysphoria. Prob-
lems with emotional regulation have an impact on cognitive flexibility and the
ability to problem solve, both executive functions that have been implicated in
suicide risk by other authors (Homaifar et al. 2012b). One such executive function,
emotional regulation, is thought to predominately occur in the ACC (Bush et al.
2000), an area frequently damaged in TBI due to its location. Coding of negative
moral feelings including guilt, embarrassment, and shame also take place in the
medial prefrontal cortex (Takahashi et al. 2004). Without the ability to regulate
emotional and cognitive responses after a TBI, individuals are left more vulnerable
to suicidal thoughts and behaviors.

In addition to having problems with regulating emotion, working memory is also
affected in TBI. These working memory difficulties and need for more brain area to
accomplish tasks may also place larger demands on emotional and cognitive reg-
ulation leading to greater prolonged negative emotional states. fMRI has shown
blood flow abnormalities in the frontal lobes in those with moderate and severe TBI
when compared to normal subjects, suggesting greater quantity of brain areas are
required for completing the same working memory task (Christodoulou et al. 2001).
This need for increased activation when completing tasks has been seen in mTBI as
well (Jantzen et al. 2004). This working memory difficulty may contribute to the
increased problems with rumination previously discussed. With both increased
rumination and difficulty regulating emotional and cognitive responses, having poor
working memory likely contributes to worsening of these problems, possibly
increasing the magnitude of each and contributing to the increased risk for suicidal
thoughts and behaviors in TBI.

In addition to the more medial problems discussed above in the frontal lobe as a
result of TBI, dysexecutive syndromes can also occur with damage more laterally to
the frontal lobe, specifically to the dorsolateral and ventrolateral PFC. Organization,
planning, reasoning, set-shifting, and monitoring can all be affected in this syn-
drome. Impulsivity and decision-making problems have been found in those with
TBI on the Immediate and Delayed Memory Task (Dougherty et al. 2004) and the
Iowa Gambling Test (Bechara et al. 1994), respectively. One study investigating
executive dysfunction found that individuals with SAs had more perseverative
errors on the Wisconsin Card Sort Test (Heaton et al. 1993) than individuals
without SAs (Homaifar et al. 2012a). This suggests that the executive dysfunction
in TBI may play a role in being unable to cease perseveration over suicidal thoughts
and may impede attending to goal-directed behavior. This ‘cognitive rigidity’ has
been seen in suicide attempters with reduced problem-solving ability and likely
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contributes to the increased suicide risk in TBI. Unfortunately, many of these
studies are small and do not adequately take into account comorbidities known to
occur in TBI, such as depression, pointing to the need for further research in this
area.

6.12 Facilitation of Acts in Emotional Context Underlying
Neuroanatomical Dysfunction

6.12.1 Moderate to Severe TBI

Besides problems with emotional regulation, TBI is also characterized by disinhi-
bition and impulsivity. For example, behavioral syndromes are characterized by
aggressive or abusive behavior, selfishness, lability, impulsivity, environmental
dependency, and a lack of empathy and can be best understood as a problem with
impulse control and an inability to integrate feedback into one’s behavior in a
meaningful way. This syndrome results from damage to the orbitofrontal region,
which mediates comportment and social intelligence. Certainly, disinhibition and
impulsiveness contribute to Jollant et al. (2011) characterization of facilitation of
acts in an emotional context as the final step in the model. This disinhibition can
result in violence toward self or others. Studies have supported claims of increased
aggression toward others in those with a history of TBI compared to those with
other injuries (Tateno et al. 2003). In addition, other observational studies showed
that those with frontal injury had higher rates of aggression compared to those with
injury in other locations (Tateno et al. 2003). Other studies have shown that those
with a history of TBI have a diminished capacity for empathy (Wood and Williams
2008). Many other factors play into future violence after TBI, such as premorbid
conditions, but as stated by Wortzel et al. (2013), injury to the orbitofrontal cortex
may lower the individual’s ability to inhibit such behaviors. SDV, such as suicide,
may follow the same pattern of a lowered ability to inhibit behavior due to alter-
ations in impulse control, increased aggression, and increased disinhibition. This
area of the brain is also activated by social exclusion as well as other situations
involving self-blame and social rejection, emphasizing a possible interplay with the
previously described deficits in value attribution and emotional regulation (Eisen-
berger et al. 2003). This diminished ability to inhibit SDV may enable a suicidal act
in an individual who may already have a tendency toward increased perseveration
about the external environment or other triggers.

116 S. Nazem et al.



6.13 TBI and Suicide: Overall Conclusions

Although the cognitive and emotional problems in TBI do not overlap exactly with
Jollant et al. (2011) model, the idea of an inability to regulate cognitive and emo-
tional responses combined with facilitation of acts due to the frontotemporal injuries
commonly seen in TBI could be a useful way to conceptualize the reasons that
suicidal thoughts and behaviors are increased with TBI. With the medial frontal lobe
affected, individuals are unable to accurately assign value and appropriate valance to
emotion. The lateral PFC damage then causes difficulty in ‘set-shifting’ and con-
tributes to increased rumination and inability to creatively problem solve com-
pounding the mPFC’s difficulties with working memory and emotional regulation.
Finally, damage to the orbitofrontal region contributes to impulsivity and a higher
rate of aggression. These factors may all work in concert within the Jollant et al.
(2011) model to increase the risk for SDV in those with moderate and severe TBI.

6.14 Three-Step Suicidal Process and Underlying
Neuroanatomical Dysfunction Among Those with Co-
occurring Moderate to Severe TBI and PTSD

As previously discussed, knowledge regarding co-occurring moderate to severe TBI
and PTSD is limited. Although there are common brain areas implicated in both
conditions, resulting outcomes are likely affected by both individual and systematic
factors (Brenner 2011). Additionally, the overlap in symptoms and areas of
impairment complicate our understanding of which underlying condition may be
implicated, limiting findings using neuropsychological measures (Brenner et al.
2009a). Furthermore, how the neuroanatomical dysfunction of both conditions
confer risk for suicidal behavior is complicated by the fact that some researchers
suggest that TBI may increase risk for PTSD (Bryant et al. 2010; Matthews et al.
2011). Despite these challenges, the overlap in implicated brain areas suggests that
the co-occurrence of TBI and PTSD may present vulnerabilities to suicidal
behavior.

Underlying neuroanatomical dysfunctions in the co-occurrence of TBI and
PTSD include the amygdala and PFC. Because tracts connecting the amygdala and
the mPFC are vulnerable to disruption due to TBI (Stein and McAllister 2009), it
may be possible that TBI increases PTSD vulnerabilities related to assigning value
to external events, thus increasing sensitivity to negative emotions and stimuli.
Additionally, TBI and PTSD deficits within the PFC (Brenner 2011) may also
impair emotion regulation abilities, further compounding effects of rumination,
working memory, and recall deficits seen in each condition alone.

In addition to brain areas of overlap between the two conditions, research
suggests that the two conditions may work in concert with one another to confer
risk for suicidal behavior. For example, the presence of TBI may affect the
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cognitive resources that would typically be employed when engaging in problem-
solving and emotion regulation, thus exacerbating the effects of PTSD symptoms
(Stein and McAllister 2009). Similarly, TBI may exacerbate PTSD symptoms by
diminishing the ability to self-regulate and inhibit behavioral responses (Nelson
et al. 2009). The overlap in the conditions, especially within the dorsolateral PFC
(Stein and McAllister 2009), may increase deficits in the ability to self-monitor
(Matthews et al. 2012), facilitating suicidal behavior. Thus, when examining how
the co-occurrence of TBI and PTSD may confer risk for suicidal behaviors, it is
important to consider how the occurrence of one condition (e.g., TBI) likely
reduces the cortical reserve available, making the effects of a second condition (e.g.,
PTSD) possibly more pronounced (Stein and McAllister 2009).

6.15 Clinical Implications

Based on the existing literature, as well as the conceptual model as proposed in this
chapter, there are important clinical implications to consider. As described
throughout the chapter, there are several areas of possible underlying susceptibility
that may be implicated in suicidal behavior. When working with individuals who
have PTSD or have experienced a TBI, it is important to assess for these underlying
susceptibilities. Although formal neuropsychological or neuroimaging techniques
could be used, it is also possible to assess for vulnerabilities during a clinical
interview. Homaifar et al. (2012b) recommend several basic assessment strategies
that can be used to identify deficits in executive dysfunction. Corresponding with
the deficits outlined in the Jollant et al. (2011) model, these areas include impul-
sivity/inhibition, insight/lack of self-awareness, and thinking processes. If deficits
are noted, it is important to screen for SI. This screening should be carried out
regularly, especially when individuals report changes in psychological or cognitive
symptoms.

Identified deficits associated with each of the components of the Jollant et al.
(2011) model could also be used when performing safety planning with an indi-
vidual who is at risk for suicidal behaviors. Safety plans involve the identification
of warning signs, coping strategies, supports, and emergency resources that an
individual can use if they find themselves in crisis. In addition to the assessment
recommendations described above, Homaifar et al. (2012b) also suggest areas of
intervention that correspond with the vulnerabilities outlined in the Jollant et al.
(2011) model, which can be easily adapted to the safety planning process. For
example, the provider can work with the individual to identify coping strategies to
promote immediate gratification, improve awareness to warning signs, and build
problem-solving skills by brainstorming steps to take during a crisis (Homaifar
et al. 2012b).

If an individual is at risk for suicidal behaviors, means restriction, another aspect
of the safety plan, would be especially important as this would limit ability to carry
out suicidal acts as described in the third component of the Jollant et al. (2011)
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model. This process would involve working with the individual to identify ways to
make the environment safe. Examples include limiting direct access to firearms by
using gun locks/cabinets, and/or having a third party control access to firearms by
keeping keys or gun cabinet combinations. Other critical means restriction methods
may involve blister packaging to limit overdosing on medications and removing or
limiting access to alcohol/drugs/knives. Adding reminders of reasons for living to
the environment (e.g., photos of loved ones, mementos of accomplishments) may
be another successful strategy to improve decision-making during a heightened
emotional state, especially if the individual is susceptible to prolonged negative
emotional states.

6.16 Limitations and Future Research

To our knowledge this is the first application of the Jollant et al. (2011) model to
conceptualize how TBI and PTSD are associated with increased risk for suicidal
behaviors. This chapter reflects novel thinking in this understudied area and is
intended to promote interest in future research on the topic; however, the following
limitations should be considered.

It is important to note that research on the Jollant et al. (2011) model is pre-
liminary. Although the model was built upon empirical literature, articles reviewed
when developing the model were limited and there have been no subsequent studies
to verify model components. Second, the current chapter did not utilize a systematic
review in its inclusion of studies. Thus, quality of research design and data were not
evaluated for inclusion. This approach was utilized to consider a broader realm of
the available literature to assist in the conceptual application of the Jollant et al.
(2011) model. Future reviews would likely benefit from the use of a systematic
review to better scrutinize the strengths and weaknesses of the relevant literature.

Future researchers may want to examine the role that mediators and moderators
play in each component of the model and subsequent suicidal behaviors. Research
designs that activate a component of the model could also improve the sensitivity
and specificity of model components. For example, a design that could trigger
altered value attribution to elicit emotional and cognitive regulation could assist in
better understanding underlying mechanisms and aspects of vulnerability.

As noted throughout the chapter, there are significant limitations in the current
research on PTSD, TBI, and suicidal behaviors. Some of these limitations are
inherent to the conditions themselves, affecting outcomes of studies and the ability
to make conclusions across studies. For example, heterogeneity of the conditions
are common; based on associated symptomology, each individual with TBI and
PTSD can present differently. Literature on TBI, especially mTBI, is not well
understood at this time. Although significantly more research exists on PTSD, the
current literature is now limited due to changes in DSM criteria. Finally, because
research on the co-occurrence between TBI and PTSD is limited, difficulties in
interpreting how the two conditions may confer risk for suicidal behaviors persist. It
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is unknown whether the two conditions combine to establish greater susceptibility
to suicidal behaviors or whether there are other mechanisms at play.

Much like the heterogeneity involved in TBI and PTSD, the Jollant et al. (2011)
model also provides possible profiles of risk that are heterogeneous. Furthermore,
the model presents a continuum of possible risk within each component. It is
unclear at which point deficits would confer greatest risk and how this would
impact the relationship among the three components. Finally, it is worth noting that
an application of a network/tract- based model may be most helpful in under-
standing how impairment across areas of the brain is implicated in risk rather than a
neuroanatomical approach that looks at each brain structure separately, as is
common in the current literature and reflected in the Jollant et al. (2011) model.

The use of a broader range of methodological designs could assist in addressing
some of these limitations. First, research that explores both overall neurobiology as
well as the neuroanatomy of specific symptoms could prove especially useful in
understanding neuroanatomical functioning of each condition. Second, improved
functional imaging that takes into account other relevant variables (psychiatric
comorbidity, duration of symptoms, etc.) could help improve models by drawing
awareness to the relevance of additional factors related to each condition. Finally, it
is recommended that studies take into account the co-occurring fact of low exposure
and low outcome (i.e., death by suicide) within this domain and use appropriate
methodological designs that improve the ability to detect differences between
groups.
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Chapter 7
Genetic Risk Factors for Suicidal Behavior

Marco Sarchiapone and Marianna D’Aulerio

Abstract Suicidal behavior comprises a range of heterogeneous entities, from
completed suicide to suicide attempts to suicidal ideation (Mann 1998). While the
causes of suicide are complex and no simple explanations of the phenomenon exist,
it is clear that there is a diathesis component, whereby converging factor such as an
acute stressor as well as present and past life circumstances can operate on a
backdrop of biological susceptibility. This chapter summarizes the principal
research addressing genetic susceptibility to suicide. Even if only the biological
vulnerability can be explained, it is acknowledged that the origin and causes of
suicidal behavior are a multifactorial act, in which biological aspects are always
related to the influence of the environment.

7.1 Introduction

Several researchers have addressed the issue of the origin of suicidal behavior. One
of the most useful theoretical models to explain suicidal behavior is the stress-
diathesis model. Mann (1998) focused his attention particularly on the role of
genetic contribution to suicidal behavior, asserting that genetic make-up as well as
acquired susceptibility contributes to a person’s constitutional predisposition or
diathesis (Wasserman 2000).

The word diathesis, or predisposition, refers to the individual tendency or sus-
ceptibility to disease as a result of interaction between genetic vulnerabilities and
environmental stress. According to this model, people possessing this predisposition
have a greater chance of developing psychological disorders when presented with
particular stressful life events. In contrast, people with higher resiliency or low
biological vulnerability for a particular disorder need high levels of stress to trigger
symptoms of that disorder. According toMann, the risk for suicidal acts is determined
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not only by a psychiatric illness (the stressor) but also by a diathesis. This diathesis
consists of tendencies for greater depression and suicidal ideation, less reason for
living, higher rates of lifetime aggression and impulsivity, comorbid borderline
personality disorder, substance use disorder or alcoholism, family history of suicidal
acts, head injury, smoking, and childhood abuse history (van Heeringen 2012). In
particular, Mann (1998) described a predisposition to suicidal acts to be part of a more
fundamental predisposition to both externally and self-directed aggression.
Aggression and impulsivity are key characteristics, whichmay be the result of genetic
factors or early life experiences.

In a second example of a clinical stress-diathesis model, McGirr and Turecki
(2007) suggested that people who attempt or commit suicide have a certain indi-
vidual predisposition, part of which is given by personality traits, in particular,
impulsive-aggressive behaviors. Impulsive-aggressive traits increase suicide risk
among a subset of suicides. In this subset, suicide risk does not appear to be a
consequence of psychiatric disorder and seems to play a larger role among younger
suicides and may mediate familial transmission of suicidal behavior.

7.2 Family, Twin, and Adoption Studies

Family, twin, and adoption studies have demonstrated that the predisposition to
suicide includes genetic factors (Petersen et al. 2014) and support the view that the
etiology of the familial transmission of suicidal behavior is at least in part genetic,
and may be mediated by the transmission of intermediate phenotypes such as
impulsive aggression. In addition, there may be environmental causes for familial
transmission of intermediate phenotypes and the intergenerational transmission of
family adversity (Brent and Melhem 2008).

An association between positive family history and risk of suicide by violent
means has been reported (Linkowski et al. 1985), and a large community twin study
demonstrated that genetic risk factors accounted for approximately 45 % of the
variance in suicidal thoughts and behavior (Statham et al. 1998). Adoption studies
also reported increased rates of suicide in the biological rather than adopting rel-
atives of adoptees (Wender et al. 1986).

7.2.1 Family Studies

A number of family studies have implicated familial aggregation in suicidal
behavior. Several studies showed a higher rate of suicidal behavior in relatives of
suicide victims or attempters compared to relatives of nonsuicidal controls (Brent
et al. 1996; Johnson 1998; Malone et al. 1995; Pfeffer et al. 1994; Tsuang 1983). In
one of the major studies on the familial transmission of suicide, Roy (1983a, b)
demonstrated that almost half (48.6 %) of 243 patients examined with a family
history of suicide and with a wide variety of diagnoses (schizophrenia, unipolar and
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bipolar affective disorders, depressive neurosis, and personality disorders) had
attempted suicide. Runeson and Åsberg (2003) investigated all suicides in Swedish
subjects born between 1949 and 1969 (N = 8,396). They found that the rate of
suicide was significantly higher in the families of suicide victims than in the
families of comparison subjects. In addition, the strongest risk factor for suicide in
the families was mental disorder as defined by previous psychiatric inpatient care.

In an effort to further understand the familial transmission of suicide Murphy and
Wetzel (1982) collected the family history of suicidal behaviors (suicide, attempted
suicide, and suicide threats) in 127 patients hospitalized following a suicide
attempt. Patients with personality disorders, frequently reported a family history of
these behaviors, most notably attempted suicide. More specifically, 16 % of patients
with a diagnosis of primary affective disorder had a family history of suicide and
17 % had a family history of suicide attempts.

7.2.2 Twin Studies

Twin studies aim to evaluate the magnitude by which genetic and environmental
factors influence a phenotype in a population. Generally, twin studies investigate the
risk of a twin exhibiting suicidal behavior given that the co-twin completed suicide.
These studies also compare the suicide risk between monozygotic twin (MZ) pairs to
dizygotic twin (DZ) pairs, while assuming that environment factors are similar
between MZ and DZ (Zai et al. 2012). Roy and Segal (2001) found an increased
concordance for suicide in monogyzotic (MZ) versus dizygotic twins (DZ) (14.9 %
vs. 0.7 %), which was consistent with Tsuang’s original observations (Tsuang 1977).
Moreover, Roy et al. found an even higher concordance rate for suicide attempt in
the surviving monozygotic twin of the co-twin’s suicide in MZ versus DZ twins
(38 % vs. 0 %), supporting the view that the clinical phenotype for concordance
included both completed suicide and suicide attempts (Roy et al. 1995).

Voracek and Loibl (2007) conducted a comprehensive and up-to-date review of
twin studies in order to evaluate the genetic contributions to suicide risk. The
authors collected data from 32 studies, published between 1812 and 2006 in six
languages and from 13 different countries. The results showed that concordance for
complete suicide was significantly more frequent among monozygotic than zygotic
twin pairs. A greater concordance for suicidal behavior for monozygotic twins
respect to dizygotic twins was also found by Roy et al. (1997).

7.2.3 Adoption Studies

One recent and important adoption study was conducted on a random sample of 1933
adoptees from the Danish Adoption Register, a register of nonfamilial adoptions of
Danish children (i.e., the adoptive parents are biologically unrelated to the adoptee).
The rate of attempted suicide in full siblings of adoptees who attempted suicide before
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age 60 years was higher than in full siblings of adopteeswho had not attempted suicide
(incidence rate ratios [IRR] = 3.45; 95 % confidence interval [CI] = 0.94–12.7). After
adjustment for history of psychiatric admission of siblings, the increased rate was
statistically significant (IRR = 3.88; 95 % CI—1.42–10.6) (Petersen et al. 2014). In
their retrospective cohort study on 8,391 adoptees (2,516 with biological parents died
from or hospitalized for suicidal behavior and 5,875 with biological parents with a
psychiatric hospitalization but never for suicide attempt), Wilcox et al. (2012)
reported that exposure to the hospitalization of an adoptive mother because of a
psychiatric disorder amplified an adoptee’s risk for suicide attempt.

Von Borczyskowski et al. (2006) conducted a study on suicidal behavior in ado-
lescent and young adult international adoptees. A total of 6,065 international adoptees
was compared to 7,340 national adoptees and 1,274,312 nonadopted study subjects,
all born between 1963 and 1973 and followed up until 2002 using the National
Swedish Register. The results demonstrated an increased risk for suicide attempt and
suicide death among international adoptees. On the other hand, national adoptees had
lower risks than international adoptees, but had increased risks compared to non-
adoptees. It seems that biological parents’ morbidity explained approximately one-
third of the increased risk for national adoptees. Despite the heroic effort of research
and the important results obtained with these kind of studies to demonstrate the
existence of genetic risk factors for suicidal behavior, it is currently not possible to
identify what are these genetic factors which are being transmitted due to several
methodological limitations in these approaches (Brent and Mann 2005; Lester 2002).

7.3 Serotonin Pathway

Identifying specific diathesis-related genes has presented many challenges, although
the association between mental disorders and suicide is very clear. More than 90% of
suicide completers have a psychiatric disorder, in particular, mood-related disorders
(Arsenault-Lapierre et al. 2004; Cavanagh et al. 2003). Patients suffering from bipolar
disorder and schizophrenia have greatly increased rates of suicide with approximately
10 % of patients dying of suicide (Hawton et al. 2005a, b).

In particular, the strong association with depression led researchers to focus their
attention on the serotonin system. Studies suggested a role of serotonin in suicide.
Indeed, a low cerebrospinal fluid (CSF) concentration of 5-hydroxyindoleacetic
acid (5-HIAA), the main metabolite of serotonin, was associated with increased
impulsiveness, impaired control of aggressive behaviors, and suicide attempts
(Asberg et al. 1976; Linnoila and Virkkunen 1992; Perroud et al. 2010; Virkkunen
et al. 1995). Altered serotonergic function is implicated in the etiology and path-
ogenesis of several major psychiatric conditions, such as suicidal behavior (Arango
et al. 2003). Furthermore, Kim et al (2007a, b) reported data among the overlap of
genes in common among suicide, bipolar disorder and schizophrenia, suggesting
the presence of disorder-specific pathways.
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7.3.1 Tryptophan Hydroxylases (TPH1 and TPH2)

Tryptophan is an essential amino acid for serotonin synthesis and tryptophan
hydroxylase (TPH) is the initial and rate-limiting enzyme in the biosynthesis of
serotonin. In humans, there are two TPH isoenzymes encoded by two different
genes. TPH1 was the first gene to be identified and is located on the short arm of
chromosome 11 (11p15.3-p14). The second gene (TPH2) is located on the long arm
of chromosome 12 (12q21.1).

Using DNA sample from 56 impulsive and 14 nonimpulsive, alcoholic, violent
offenders, and 20 healthy volunteers, Nielsen et al (1994) studied the association
between suicidal behavior and TPH1 polymorphism. In the highly impulsive group,
the authors observed a significant association between TPH genotype and cere-
brospinal fluid 5-HIAA concentration. This association suggests that a genetic
variant of the TPH gene may influence 5-HIAA concentration in the cerebrospinal
fluid and predisposition to suicidal behavior in some individuals.

Galfalvy et al. (2009) genotyped 343 subjects (Caucasian, African–American,
Hispanic) presenting with a Major Depressive Episode for polymorphisms A218C
in intron 7 and A-6526G in the promoter region of TPH1. They found that both the
AA genotype on intron 7 and the AA genotype on the promoter predicted suicide
attempts during the 1-year follow-up and were associated with past attempts of high
medical lethality.

In their review, Antypa et al. (2013) confirmed the association between variation
on the TPH1 gene and 5-HTTLPR gene and violent suicidal behavior in Caucasian
populations. Findings on endophenotypes of suicidality, such as aggression and
impulsivity traits, showed positive associations for the TPH1, HTR2A, and MAOA
genes, but these studies need further replication, since negative associations were
also occasionally reported. Studying the A779C polymorphism of the TPH gene,
Arango et al. (2003) found that the less common U or A allele variants were
associated with suicide attempt. Other studies have found the U allele to be asso-
ciated with aggression and lower serotonergic function in vivo.

Zill et al. (2004) first reported an association between TPH2 gene polymor-
phisms and completed suicide. They identified a second tryptophan hydroxylase
isoform (TPH2) in mice, which was exclusively present in the brain. Significant
association was detected between one single nucleotide polymorphism and suicide
and also haplotype analysis produced support for this association.

Ke et al. (2006) selected the A–G single nucleotide polymorphism (SNP) at the
position 40237 relative to 5′-end of TPH2 gene in order to evaluate its association
with suicide behavior. The authors recruited 102 MD patients with suicidal behavior
(attempters) and 123 MD patients without suicidal behavior (nonattempters). Their
results demonstrated that the A allele was significantly less frequent in attempters
than in nonattempters (p = 0.0067). In addition, individuals with the A/A genotype
showed a significantly lower risk of suicide behavior than those with the A/G or G/G
genotype (OR = 0.35). These findings suggested that the A–G polymorphism of
TPH2 may confer susceptibility to suicidal behavior in MD patients.
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While the tryptophan hydroxylase genes represent major candidates in numerous
genetic association analyses of suicidal behavior, the results thus far have been
inconclusive and occasionally conflicting (Zill et al. 2004).

7.3.2 Serotonin Transporter (5-HTT)

The serotonin transporter (5-HTT) regulates serotonergic transmission by removal
of serotonin from the synaptic gap. Several studies reported an association between
suicidal behavior and serotonin transporter (5-HTT). Mann et al. (2000) found that
binding to 5-HTT was lower in the ventral PFC of suicides compared with
nonsuicides in postmortem brains from 220 individuals. Anguelova et al. (2003)
conducted a meta-analysis on studies investigating 5-HT receptors and the 5-HTT
in suicidal behavior. From this meta-analysis, 26 articles met the inclusion criteria
and six different 5-HT receptor loci and the 5-HTT promoter 44 bp insertion/
deletion polymorphism were investigated. The combined evidence supports an
association between suicidal behavior and a promoter 44 bp insertion/deletion
polymorphism of the 5-HTT gene and no such association with 102 T/C poly-
morphism in the 5-HT2A gene.

Li and He (2007) conducted a separate meta-analysis that analyzed cumulative
data from European and Asian population. The findings from this meta-analysis
suggested a significant association (P-value of 0.0068) between the 5-HTTLPR
polymorphism and suicidal behavior, further supporting the hypothesis of the
involvement of the brain 5-HTT in the pathogenesis of suicidal behavior.

Several researchers are focused on the association between serotonin transporter
(5-HTT) gene and suicidal behavior. Even though some of these studies support this
hypothesis, other researchers have failed to demonstrate an association which
maybe a result of inadequate statistical power and the use of different populations
(Li and He 2006). Further studies are necessary in order to better understand the
role of 5-HTT in suicidal behavior.

7.3.3 Serotonin Receptors (5HTR1A, 5HTR1B, 5HTR2A,
5HTR2C)

A number of studies have investigated the link between serotonin receptors and
suicidal behavior and have resulted in conflicting results. González-Castro et al.
(2013) performed a meta-analysis on the association of 5HTR1A gene with suicidal
behavior and found that the rs6295 polymorphism was not associated with suicidal
behavior. Similarly, no significant association for polymorphisms rs6295 and
rs878567 was found in the case-control study. Similar results were found by
Kia-Keating et al. (2007). The combined evidence from 789 case and 1,247 control
subjects/participants suggested that there was no significant association between the
HTR1B G861C polymorphism and suicidal behavior.
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On the other hand, Turecki et al. (1999) and Saiz et al. (2008) have suggested a
correlation between 5-HT2 receptors and suicidal behavior. Turecki analyzed
postmortem data from 56 subjects who had committed suicide and 126 controls and
found that 5-HTR2A binding was greater in the prefrontal cortex of suicidal sub-
jects. Saiz and colleagues compared 193 cases of attempted suicide with 420
control cases in order to examine the association between four serotonergic poly-
morphisms, A-1438G (rs6311) and T102C (rs6313) of the serotonin 2A receptor
gene, and STin2 VNTR and 5-HTTLPR of the SLC6A4 gene, and suicidal
behavior. The results demonstrated an excess of the −1438A allele both in
impulsive suicide attempts and in suicide attempts with high clinical lethality
compared the control group, suggesting that the −1438A allele may predispose for
nonimpulsive suicidal behavior.

7.4 Other Pathways

7.4.1 Dopaminergic System

Relatively few studies examining the role of dopamine in suicidal behavior have
been published (Arango et al. 2003; Wasserman 2000).

7.4.1.1 Homovanillic Acid

Low level of homovanillic acid (HVA) in cerebrospinal fluid (CSF) were found in
suicide attempters that were diagnosed with major depression, and the dopamine
system seems to be hypofunctional in major depression (Mann 2003). However, as
suggested by Mann (2003), the data are too few to actually understand the role of
dopaminergic system in suicidal behavior.

The role of CSF dopamine metabolites in suicidal behavior was reported by Roy
et al. (1992), who examined 24-hour urinary outputs of HVA in relation to suicidal
behavior in depression. Patients with depression who had attempted suicide had
significantly smaller urinary outputs of homovanillic acid, dihydroxyphenylacetic
acid (DOPAC), and total body output of dopamine (sum dopamine) than patients
with depression who had not attempted suicide. Patients with depression who
reattempted suicide during 5-year follow-up had significantly smaller urinary out-
puts of HVA and sum dopamine than patients who did not reattempt suicide,
patients who never attempted suicide, and normal control subjects, and had sig-
nificantly smaller outputs of DOPAC than patients who never attempted suicide or
control subjects. These data add to accumulating evidence for low levels of HVA in
cerebrospinal fluid and the suggestion that diminished dopaminergic neurotrans-
mission may play a part in suicidal behavior in depression.
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7.4.1.2 Dopamine D2 Receptors

Few studies examining the role of the dopamine receptor DRD2 gene (11q22-q23)
in suicide have been published. Finckh et al. (1997) analyzed the polymorphism in
exon 8 (E8) of the dopamine D2 receptor gene locus (DRD2) (DRD2 E8). The
DRD2 (E8) A/A genotype was associated with increased anxiety and depression
scores in alcoholics during the follow up after clinical detoxification treatment. In
addition, E8 A/A was associated with increased suicide attempts.

Suda et al. (2009) examined associations between suicide attempts and two
kinds of functional polymorphisms in the DRD2 gene: TaqIA and −141C Ins/Del.
In this study, 120 suicide attempters and 123 unrelated volunteers were examined.
Suda et al. demonstrated significant differences in genotypic and allelic frequencies
of −141C Ins/Del and TaqIA polymorphisms between suicide attempters and
healthy controls (−141C Ins/Del, p = 0.01; TaqIA, p = 0.036). The Ins allele of
−141C Ins/Del was significantly more frequent in suicide attempters (p = 0.011), as
well as the A2 allele of TaqIA (p = 0.017) suggesting that DRD2 gene polymor-
phisms may be involved in the biological susceptibility to suicide.

The study on 141C Del variant of the DRD2 asserted that this variant might be a
protective factor against the development of alcohol withdrawal symptoms. In
addition, this variant might also be a risk factor in a highly burdened subgroup of
alcoholics with a paternal and grand paternal history of alcoholism and may con-
tribute to the substantially higher likelihood of suicide in alcoholics (Johann et al.
2005).

7.4.1.3 Tyrosine Hydroxylase

Catacholaminergic dysfunction due to abnormalities in the tyrosine hydroxylase
(TH) gene has been implicated in the pathogenesis of suicidal behavior and in mood
disorders. Recent evidence suggests that TH gene variants may also increase the
risk of suicide attempts in schizophrenic patients, although the interaction with
established clinical risk factors is unclear (Hu et al. 2013).

Ordway et al. (1994) studied the concentration of tyrosine hydroxylase in the
noradrenageric cell bodies of the locus coeruleus of nine age-matched pairs (anti-
depressant-free suicide victims and controls). This study found higher concentra-
tions of the enzyme in the samples from suicide victims, thus raising the possibility
that the expression of tyrosine hydroxylase in locus coeruleus may be relevant in
the pathophysiology of suicide.

In their study, Persson et al. (1997) examined a tetranucleotide repeat poly-
morphism in the first intron of the tyrosine hydroxylase (TH) locus in 118 adult
suicide attempters with diagnosis according to DSM-III-R criteria (major depres-
sion, anxiety disorders, adjustment disorders, psychoactive substance abuse disor-
ders, psychotic disorders) and in 78 control adult subjects. The authors reported a
high prevalence of carriers of TH-K3 allele in suicide attempters with adjustment
disorders and low prevalence of carriers of TH-K1 among all suicide attempters.
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These findings suggested that the alleles may reflect predisposition for a common
phenotype with altered vulnerability for psychiatric disorders.

7.4.1.4 Catechol-O-Methyltransferase

Catechol-O-methyltransferase (COMT) plays an important role in genetics of sui-
cide risk, because it inactivates dopamine and norepinephrine by the addition of a
methyl group from S-adenosylmethionine (Zai et al. 2012). A functional poly-
morphism on the human COMT gene has been shown to influence aggressive and
anger-related traits in various clinical populations. The results found by Baud et al.
showed that the high activity genotype (Val/Val) was more frequent in suicide
attempters than in normal controls. Moreover, the Val/Val genotype markedly
affected the scores on two STAXI subscales—Trait Anger and Anger Control—in
female suicide attempters, thus suggesting a possible gender effect of the COMT
genotype on a stable personality trait (Baud et al. 2007).

The functional polymorphism (COMT Val108/158Met) affects COMT activity,
with the valine (Val) variant associated with higher and the methionine (Met)
variant with lower COMT activity. This polymorphism is associated with aggres-
sive and suicidal behavior, although the findings on this relationship have not
always been consistent.

Nedic et al. (2011) recruited 312 male and 81 female medication-free patients
with alcohol dependence and 487 male and 122 female unrelated, nonsuicidal
medication-free Caucasian healthy subjects. Their findings demonstrated that male
alcoholic suicide attempters had the higher frequency of Met/Met genotype or
Met allele and significantly higher aggression and depression scores compared to
male nonattempters. These results confirmed the associations between Met allele
and aggressive behavior or violent suicide attempts in various psychiatric diagno-
ses, and suggested that Met allele of the COMT Val108/158 Met might be used as
an independent biomarker of suicidal behavior across different psychopathologies.

7.4.2 Brain-Derived Neurotrophic Factor

Brain-derived neurotrophic factor (BDNF), the most abundant neurotrophin in the
brain, influences the pathophysiology of anxiety and depression. However, to date
the role of BDNF in suicide has not been well investigated.

Plasma BDNF levels in 32 major depressive disorder (MDD) patients who had
recently attempted suicide, 32 nonsuicidal MDD patients, and 30 normal controls
were examined (Kim et al. 2007a, b). BDNF levels were significantly lower in
suicidal MDD patients than nonsuicidal MDD patients or normal controls. These
results suggested that a reduction of plasma BDNF level may be related to suicidal
behavior in major depression and that BDNF level may be a biological marker of
suicidal depression (Kim et al. 2007a, b). BDNF levels were decreased in the
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postmortem brain and plasma samples from suicide subjects (Keller et al. 2010).
Postmortem brain samples from suicide subjects showed a statistically significant
increase of DNA methylation in Wernicke’s area at specific CpG sites in BDNF
promoter/exon IV compared with nonsuicide control subjects (Keller et al. 2010).

The association between the BDNF gene Val66Met polymorphism and mood
disorders was confirmed also by the study of Nedic et al. (2011). They found that the
genotype and allele frequencies for the BDNF gene Val66Met polymorphism did not
differ when comparing across depression groups (total, bipolar disorder or major
depression) and control subjects. Furthermore, it was shown that this BDNF poly-
morphism was not associated with age of onset or suicidal history in mood disorder
patients. In a sample of 813 Caucasian suicide attempters, childhood sexual abuse
was associated with violent suicide attempts in adulthood only among BDNF Val/
Val individuals and not among BDNF Val/Met or BDNF Met/Met individuals. The
result suggested that BDNF Val66Met may modulates the effect of childhood sexual
abuse on the violence of suicidal behavior (N. Perroud et al. 2008).

Dwivedi et al. (2003) analyzed whether the expression of BDNF and/or Trk B
isoforms were altered in postmortem brain in subjects who commit suicide (here-
after referred to as suicide subjects) and whether these alterations were associated
with specific psychopathologic conditions. The sample consisted of 27 suicide
subjects and 21 nonpsychiatric control subjects and Brodmann area 9 and hippo-
campus were the brain areas examined. This study found that BDNF and Trk B
were significantly reduced in both prefrontal cortex and hippocampus in suicide
subjects as compared with those in control subjects.

Given the importance of BDNF in mediating physiological functions, including
cell survival and synaptic plasticity, the reduced expression of BDNF and Trk B in
postmortem brain in suicide subjects suggest that these molecules may play an
important role in the pathophysiological aspects of suicidal behavior.

7.5 Hypothalamic-Pituitary-Adrenal Axis

Well-established environmental risk factors for suicidal behavior are events causing
significant psychological stress, which are particularly difficult to cope with
effectively. High stress levels may cause also unfavorable effects in different brain
functions, in partilcular on the hypothalamic-pituitary-adrenal (HPA) axis, involved
for the regulation of body’s response to stress and has complex interactions with
brain serotonergic, noradrenergic, and dopaminergic systems. Indeed, the HPA axis
is responsible of modulation of cortisol levels, the major stress hormone, and stress
plays a major role in the various pathophysiological processes associated with
mood disorders and suicidal behavior. Several studies reported association between
abnormalities in the HPA axis and suicidal behaviors (Wasserman et al. 2010).

Adrenal steroid hormones are essential to human life and play a central role in
maintaining survival in times of stress. Several lines of evidence suggest an asso-
ciation between HPA axis dysregulation, affective disorders, and suicidal behavior
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(Arató et al. 1986). As early as 1965, Bunney and Fawcett (1965) reported high
levels of urinary 17-hydroxycorticosteroids in depressed suicidal patients.

Leszczyńska-Rodziewicz et al. (2013) studied the polymorphisms of genes
involved in the HPA axis (CRHR1, NR3C1, and AVPBR1). This study was per-
formed on 597 patients, 225 of whom had a history of suicide attempts. Even if the
haplotype analysis of the AVPR1b gene revealed an association between the GCA
haplotype and suicide attempts, this association was not significant after correcting
for multiple testing. Nonetheless, the inconsistencies with the previously published
results indicate the importance of the further investigation of these polymorphisms
with respect to the risk of suicide attempts.

Moreover, the stress response is mediated by corticotrophin-releasing hormone
(CRH), which is known to be a regulator of the HPA pathway. Alterations in the
HPA system have been related to impulsivity, aggression, and suicidal behavior,
common features in schizophrenia (De Luca et al. 2010).

7.6 Genome-Wide and Epigenetic Studies of Suicide

In the last years, genome-wide association studies (GWA study, or GWAS) has
been a great contribution to the understanding of suicidal behavior. GWAS aims to
study several genetic variants in different individuals and examine the genome for
small variations (single nucleotide polymorphisms or SNPs) that occur more fre-
quently in people with a particular disease than in people without the disease.
Recent studies provide evidence that epigenetic mechanisms could deliver the
missing link between the heritability of suicidal behavior and the interaction
between environment and the genome (Bani-Fatemi et al. 2014). These epigenetic
mechanisms, which alter gene expression via alternative mechanisms to the coding
DNA sequence, result from environmental effects acting on the genome. Studies in
rodents indicate that variation in the early environment will trigger these epigenetic
modifications and recent data suggest the same may be true in humans. The
expression of a number of genes which are involved in normal brain functions have
been shown to be under epigenetic control and seem to be dysregulated in suicide
(Labonte and Turecki 2010).

The genome-wide linkage survey for genetic loci that influence the risk of
suicidal behavior in the context of mood disorders has been reported by Zubenko
et al. (2004). Six linkage peaks with maximum multipoint ΔLOD scores that
reached genome-wide adjusted levels of significance (2p, 5q, 6q, 8p, 11q, and Xq)
were identified and four of these (2p, 6q, 8p, and Xq) exceeded the criterion for
“highly significant linkage.” The highest ΔLOD score that emerged from this
linkage analysis, 5.08, occurred for ARPs with Depression Spectrum Disorder at
D8S1145 at cytogenetic location 8p22-p21. These findings provide evidence for
suicide risk loci.

Labonté et al. (2013) used a genome-wide approach to investigate the extent of
DNA methylation alterations in the brains of suicide completers. The authors

7 Genetic Risk Factors for Suicidal Behavior 135



identified 366 promoters that were differentially methylated in suicide completers
relative to comparison subjects (273 hypermethylated and 93 hypomethylated). The
results demonstrated that promoter DNA methylation levels were significantly
greater for several genes in suicide completers relative to control group. Moreover,
a significant number of hypomethylated sequences in the promoters of suicide
completers were reported, suggesting that DNA methylation patterns may be altered
in the brains of suicide completers.

7.7 Conclusions

Suicide is a complex phenomenon. Its multidimensionality, linked to association
between social, biological, and psychological factors requires that the understand-
ing of the predisposition to suicide cannot totally explained only by the presences of
mental health disorders, even if closely associated to suicidal behavior. Several
researchers have established the role of genetic basis of suicidal behavior. However,
some of the studies have produced inconsistent findings, often due to difficulties in
methods used and difficulties to select the sample. Currently, the more credible
studies to explain the role of genetic risk factors for suicidal behaviors are those
based on the serotonergic system. The canditate genes (most studied genes are
SCL6A4, HTR2A, HTR2C, HTR1A, HTR1B, TPH-1, and TPH-2) pertaining to
the serotonergic system have proved to be an important key about the association
between suicide behavior and its biological correlates.
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Chapter 8
Is Suicide Clinically Preventable? What Is
the Evidence?

Jan Fawcett

Abstract Suicide is a major public health problem and cause of death, as well as
years of life lost. The US suicide rate is at its highest level in over 15 years, and has
become an epidemic in both our military forces and veterans of military service.
(American Foundation for Suicide prevention). At present there is no evidence that
suicide is clinically predictable in an individual, even though the standard of care
requires that suicide risk be assessed in psychiatric patients, who show an elevated
risk in general, and clinical efforts be made to reduce risk. Clinical prediction may be
improved in a number of suggested ways, which could lead to more effective short-
term prevention. While at present, there is no evidence that short term (2–3 months)
treatment can prevent suicide, there is evidence from long-term studies that
maintaining maintenance medication can reduce suicide in high risk patients.

8.1 Suicide and Treatment of Mental Disorders

Studies have shown that up to 90 % of suicide victims have evidence of a diag-
nosable mental illness (Conwell et al. 1996). We have made significant strides in
the treatment of depression and other psychiatric disorders that are associated with
suicide. The best evidence we have at present shows that psychotherapies such as
Dialectal Behavior Therapy (DBT) and Cognitive Therapy (CT) will result in a
reduction of suicidal behavior, but so far there is no evidence that these treatments
will reduce suicide. Meta-analytic studies of treatment with antidepressants given
over 8–12 weeks reduce suicidal ideation, but show no significant difference in
suicide rates between pooled antidepressant medication trials and placebo (Sher
et al. 2012; Khan et al. 2003)
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Two studies, to be discussed later, have shown a significant reduction of suicides
associated with a continuation of antidepressants, lithium, and antipsychotic med-
ications for at least 6 months over a 34–38 year follow-up in one study (Angst et al.
2002), a with a propensity to be taking antidepressant medications in another
follow-up study of 16–20 years (Leon et al. 2011). Also there are a number of
studies showing a significant reduction of suicides and attempts in patients taking
maintenance lithium carbonate compared to placebo (Cipriani 2013).

Suicide occurs despite treatment. Studies have shown that 42 % of patients had a
psychiatric care visit and a review has shown that 33 % of patients were seen in a
mental health care setting within a month of their suicide (Robins 1981; Luoma
et al. 2002). Luoma’s review found that 45 % of patients who commited suicide
after having seen a primary care physician within 1 month.

8.2 The Importance of Suicide Risk Detection

For these reasons, it would seem that clinicians treating patients would be in a
position to clinically detect the risk of suicide and intervene. It is a standard of care
that a mental health clinician conduct an evaluation of their patients for suicide risk
and clinically intervene to try to prevent suicide in patients found to be at high acute
risk.

Two studies have shown that educating primary care physicians in detecting and
treating depression and assessing suicide risk, actually results in an increase in the
prescription of antidepressant medications, and a decrease in suicide rates as long as
the medication is continued (Hennriksson and Isacsson 2006). Yerevanian et al.
(2004) found that the discontinuation of antidepressant medications in patients with
depressive disorders was associated with a greater than 5-fold increase in risk for
suicidal behavior (P < 0.0001). Another more recent study of Veterans showed that
suicide associated with a 70 % omission of a suicide risk assessment for suicidal
ideation in the clinical record for their last visit before suicide (Smith et al. 2013).
However, this same study reported that 85 % of suicides denied suicidal ideation
when assessed and 73 % denied suicidal ideation when assessed within 0–7 days
prior to suicide. This plus the studies to be reviewed below show how much a
clinician can rely on a denial of suicidal ideation or intent.

8.3 The Current Data for Prediction of Suicide

The data cited above point to the importance of a suicide risk assessment in
reducing suicide. There have been authoritative studies that have questioned the
predictability of suicide by any scaled symptoms list and by clinical features. A
classic prospective study of 4,800 hospitalized veterans followed for a mean of
5 years by Pokorny (1983), concluded from the review of prior papers and an
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analysis of his sample in which 67 suicides occurred, 42 of these within 1 year of
hospital discharge, that no clinical factor or set of factors was predictive of suicide.
He later published a reanalysis of his data set using more advanced statistical
methods such as logistic regression, once again concluding that no set of factors
predicting suicide could be found, with any likely factors showing high false
positive and false negative rates (Pokorny 1993).

Pokorny went as far as to focus on a high risk group by selecting a group of
patients with major depression, schizophrenia, alcoholism, or drug abuse, that were
non-black males, with a marital status other than married to concentrate risk factors.
With this new “formula” he was able to correctly identify 15 out of 67 suicides with
279 “false-positive” predictions.

He also tried to overcome the problem of the relatively low base rate of suicide
by progressively reducing the size of the “other samples” and running predictors. In
doing this with the smallest sample of others for comparison, he reached full
prediction of suicide for the sample, but also identified the comparison of non-
suicides as all suicidal. Pokorny (1993) did reanalyze these data using logistic
regression techniques, and was still not able to find clinical predictors of suicide. He
concluded that predictors, who have greater sensitivity (will not miss many positive
risks—with high false negative predictions) and greater specificity (will not identify
a high proportion of high risk patients), are needed.

What did show up in Pokorny’s study was a very high rate of suicide in his
sample in time periods after hospital discharge up to 1 year, a frequent finding.

Another more recent study by Large and colleagues (2011) (Large et al. 2011)
has challenged the predictability of suicide in a large meta-analysis of studies of
suicide up to 1 year of discharge from a psychiatric hospital. Unlike the Pokorny
study, this meta-analysis was not of prospective studies, but a review of 13 studies
of retrospectively determined suicidal outcomes, with only 2 studies included
having less than 50 suicides. Across these studies 1594 suicides were reviewed. A
prior history of suicide attempt or self-harm and depressive symptoms were found
to be moderately associated with suicide (Odds ratios of 3.15 and 2.70, respec-
tively) Factors weakly associated with suicide (Odds Ratios of 1.5–2.5) were male
sex, recent social difficulties, a diagnosis of major depressive disorder, present
suicidal ideation, and an unplanned discharge.

Demographic factors not associated with suicide within 1 year of discharge were
the patients age, marital status, living alone, employment status, ethnicity, and level
of education. Other factors not associated with suicide were a prior history of
criminal conduct or violence, a family history of mental illness, and co-occurring
physical illness. Clinical features not associated with suicide were alcohol abuse, use
of other substances, a dual diagnosis of a substance abuse disorder and mental
illness, a diagnosis of bipolar disorder of schizophrenia, or a long duration of illness.

The authors cite an overlap of risk factors for patients while inpatients with those
within 1 year of discharge. They cite an increased risk of suicide in the hospital in
schizophrenics, but not during the year after discharge. An intriguing finding was
that being categorized as high risk for suicide in the hospital correlated strongly
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(OR 10.9) with inpatient suicide, but not as strongly with suicide (OR 3.94) after
discharge.

The authors of this study conclude that no single factor or combination of
factors, are strongly associated with suicide in the year following discharge. While
about 3 % categorized as high risk are likely to commit suicide, about 60 % of
suicides are likely to be categorized as low risk. They further conclude that
unpredictable intervening events, which cannot be factored into a suicide assess-
ment, might be more likely after a hospital discharge and allow that it is possible
that studies have not examined all the factors associated with post-hospitalization
suicides.

8.4 What Risk Factors Can Clinicians Rely on?
Suicidal Ideation

Where does this leave the clinician? What about asking the patient about suicidal
intent? Inquiring about suicidal thoughts, specific plans and means that are con-
sidered a standard for a suicide assessment. An affirmative answer to these ques-
tions is certainly important and should be explored in detail.

Patients who make “contingent” suicide threats (“If you don’t admit me to the
hospital, I’ll commit suicide”), may be a different matter. The Lambert (1996, 2002)
studies of patients making “contingent” suicide threats that were not admitted from
a VA hospital emergency room are instructive. Following these patients and
comparing their outcomes with depressive patients evaluated over a 7 month
and 10 year period showed that no suicides had occurred in with group at 7 months
and at 10 years no suicides were found in the contingent group of patients, but the
suicide rate in the depressed group was 10 % at 10 year follow-up. Lambert found
most of the contingent threat patients to be diagnosed as drug abusers and homeless.

What about a denial of suicide intent? Our brains seem programed to assume that
if an affirmative answer about suicide intent indicates high risk, that a denial of
intent might reassure us that the presence of suicide risk is low. But a denial of
suicidal intent with no other clinical information is meaningless. This is also true
with a patient “contracting” for safety. Isometsa et al. (1995) published 500 cases of
suicide, 100 of which committed suicide the same day seen by a therapist. Only
22 % of this sample admitted to suicidal ideation. In a study of inpatient suicides,
Busch et al. (2003) reported that 76 % of inpatient suicide patients were charted as
reporting no suicidal ideation to a nurse as their last communication before their
suicide, 28 % of this sample of suicides had a no suicide or no harm contract
recorded in their chart.
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8.5 Reaction to a Negative Event

A review of suicide cases suggests that in a high proportion of cases, the patient has
sustained a negative event that compounds their illness. Frequently, the patient may
downplay or fail to report the event that may push them over-the-edge. This failure
to report makes it difficult to study the full effects of negative events and may
mislead a clinician.

The following case is illustrative. A patient with poor response to a series of
medications to control bipolar disorder tells his psychiatrist that he had purchased a
shotgun, loaded it and held it against his chest. He was admitted to an inpatient unit,
and since many medications had failed was given a course of ECT. He showed
moderate improvement after six treatments and was discharged to home and work.
In an outpatient visit he showed improvement of mood, admitted mild suicidal
ideation with no plan, which this patient had experience over the past 20 years, told
of a planned trip to Afghanistan as part of his work in the coming week and joked
about getting to finally use his humanities background, teaching cultural coopera-
tion to consultants, on the trip.

Three hours after his appointment, he went home and hanged himself with an
elaborate system he had installed in his apartment over the past 4 days. He left
letters for his parents in Europe and many of his acquaintances. A former girl friend
called to tell me about his 4-day preparation for the suicide and the fact that they
had recently broken up. The treating psychiatrist had assumed that the patient was
still married, but found he had recently been divorced and had not mentioned this,
as well as his recent break-up. One still wonders what question might have been
asked to uncover his elaborate suicide plan. His recent loss of two relationships was
a clue that he had elected not to disclose, and it may well have been the event that
precipitated his suicide.

In another case a female patient with a mood disorder became severely agitated
and depressed. She had suicidal ideation and was admitted to the hospital for
several days only to relapse with suicidal ideation and agitation after discharge. She
was treated with olanzapine to reduce her severe agitation, and only then told her
psychiatrist that she became suicidal after having been raped in a parking lot a few
weeks prior. She had been unable to share this with her male therapist, until he had
seen her three times and reduced her agitation with olanzapine.

Many times patients in crisis will minimize or leave out of the conversation a
precipitating event. It important in doing a suicide risk assessment to ask about the
occurrence of a major life stress or anticipated loss in different ways to cue the
patient to remember and report the situation. Sometimes making this inquiry in
different times during the interview will yield very important information. Hur-
rying the process will make it more likely that crucial events are left out. Once a
stress is identified—a detailed discussion of how the patient is dealing with it or
feeling overwhelmed by the situation is necessary to adequately assess suicide
risk. This information is perhaps the greatest potential loss in doing a perfunctory
interview.

8 Is Suicide Clinically Preventable? What Is the Evidence? 145



Follow-up questions like “everybody worries—what are you worrying about?”,
or “how’s your love life?” or “any health worries?” depending on the patient, can
spark a realization—and provide new information that can be crucial to the iden-
tification of a high risk state.

What is proposed is the repetition of questions about major stresses of losses,
experienced or anticipated throughout the assessment interview as a way of
increasing the chances of the patient disclosing this information. Personal clinical
experience suggests that when patients present with anxiety symptoms or profound
demoralization they often deny any precipitating event until the question is reasked
in different ways. Then they frequently will say—“I had forgotten all about that-”
Studies of short term risk factors for suicide would not be likely to uncover this type
of risk factor—only a careful clinical interview would have the chance to do so.

8.6 The Presence of Lethal Means: Handguns

“Any thoughts of ways to kill yourself?—Like a handgun. Do you own one?”

There are endless ways for any of us to kill ourselves. It is just that most of us are
not thinking about it that way. A patient preoccupied with suicide may be thinking
of all the possible ways—they are “in” the market. The presence of a handgun to
someone “in the suicide market” is extremely dangerous. Many people own
handguns. We should ask about this—and if a patient struggling with suicidal
thoughts or increased impulsivity, owns a handgun, or other lethal weapon, we
should ask them to give it to someone for self keeping until the crisis is past—and
record in our notes whether they agreed or not. The patient who recites the many
ways he or she could kill themselves should be asked why they are so preoccupied
with death.

Why should a patient be asked about a handgun when there are so many other
means of suicide? The handgun is the most common method of suicide, and it is
symbolic of a suicide weapon. Several years ago, a resident was treating a
schizophrenic young male who was severely depressed. He attributed his depres-
sion to the “fact” that since he had put the antibiotic Bacitracin on a sore, he was
losing his hearing. The patient had read on the internet that Bacitracin (given
systemically not topically) could cause hearing loss. He refused treatment for his
severe depression because he had also found on the internet, the claim that SSRI
antidepressants could cause hearing loss. The patient was asked if he was willing to
try a non-SSRI antidepressant, mirtazapine. He grudgingly agreed. The resident
wrote a prescription and scheduled the patient back in two weeks. The patient went
home and shot himself in the head. In this last interview before the patient’s death,
he was queried about whether he had a gun. The patient responded “no”. Of course,
a positive response would have engendered a request to get the firearms out of the
house until the patient had recovered.
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8.7 Anxiety Severity: Agitation

One of the most important symptom, dimensions which may be an important short
term risk factor for suicide, is severity of anxiety. Clinicians often do not con-
sciously assess the severity of anxiety symptoms in their patient. It may be because
anxiety is such a common comorbid symptom in mood disorders that it is not
carefully assessed.

In 1983, our group assessed the presence and severity of anxiety in patients
diagnosed as having major depression by the SADS-C, a rating instrument that not
only recorded the presence of symptoms, but also their severity. This required time
from the clinical interviewer and the expense of establishing the reliability of
clinical raters across symptoms. It is probably these reasons, the time required and
the expense that the SADS is rarely used in a clinical research environment. DSM-5
and the SCID DSM rating substitute the number of symptoms present as a proxy of
severity instead of trying to rely on an assessment of symptom severity because of
reliability issues across clinicians. In 1983, we published data showing that in 200
patients diagnosed with MDD, that 62 % of the patients had at least moderate
severity co-morbid anxiety and 32 % had severe anxiety recorded (Fawcett and
Kravitz 1983).

The SADS-C, psychic anxiety scale is very useful for clinicians (Endicott and
Spiitzer 1978). This scale scores anxiety severity on the basis of the patient’s report
of experienced severity and the amount of time during the patients waking period
that the anxiety is experienced. If the patient experiences the coming and going of
moderately severe anxiety they would be rated as a 3 on this scale. Severe anxiety,
experienced much of the time would be rated as a 4. If the patient reports severe
anxiety most of the time, that interferes with other day to day functions, working,
paying bills etc., the rating would be severe anxiety (a 5 rating on the SADS-C
psychic anxiety scale. I have found that asking the patient if a positive encounter
with a loved one, such as a grandchild, or a puppy does not distract them from the
anxiety, even for a short time, and the anxiety is omni-present and severe, the
appropriate rating would be a 5 for “psychic anxiety” on the SADS-C. This is a
significant level with regard to suicide in a study that we will review later. This can
be a useful way for a clinician to assess the severity of a patient’s anxiety symp-
toms. This assessment is also is important in assessing treatment targets in patients
with treatment resistant depression.

Another study that conveys both the frequency and the wide range of severity of
anxiety in depression is the work of Clayton et al. (1991). This study presented a
subgroup of 320 patients diagnosed with major depression by the SADS from the
NJMH Collaborative Depression Study (CDS) and presented the sum of their scores
on six different types of anxiety scales, (including somatic anxiety, psychic anxiety,
worry etc.) The plot published illustrated the frequency and severity of anxiety
symptoms in patients with primary depression (meaning the diagnosis of MDD
preceded any other diagnosis (including anxiety disorders) and suggesting that
anxiety appeared with the onset of the depression as opposed to before this onset.
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This figure showed that anxiety symptoms were very common across all the cases,
but that only about 10 % of patients presented with the most severe ratings of
anxiety symptoms.

In 1990, Fawcett et al. published data from the CDS prospective study showing
that over a 10 year follow-up, severe psychic anxiety, severe (global) insomnia,
panic attacks, severity of loss of interest and pleasure, indecisiveness, and recent
increase in alcohol abuse were significantly more severe in patients (n = 13) who
committed suicide in the first year after discharge, while “standard” risk factors
such as suicidal ideation severity, prior (past and recent) suicide attempts, and
severity of hopelessness were not more common in the suicide group. These
standard risk factors were significantly associated with suicide in years 2–10 fol-
lowing discharge. This study raised the issue of acute risk factors (related to suicide
occurring in days, weeks, or months) as opposed to chronic risk factors for suicide
occurring over years later. Acute risk factors for suicide should be of greatest
interest to the clinician looking to intervene to prevent a suicide.

It appears that severity of anxiety, severity of insomnia, increase in alcohol abuse
were not included in the single prior prospective study of Pokorny as well as the
retrospective studies of Large reviewed above, which found no acute or short term
predictor clinical variables for suicide.

Obviously, not every patient at risk for suicide will present with anxiety. A chart
review study of anxiety-agitation in inpatients who committed suicide found that
79 % of these patients had several day periods of severe anxiety—agitation rated
from the chart notes using the SADS-C rating for psychic anxiety, (Busch et al.
2003). Another study of suicide attempts with a severity level sufficient to provoke
hospital admission found that 90 % of suicide attempting patients scored their
anxiety levels as high (based on SADS-C, psychic anxiety ratings) in the month
prior to their attempt (Hall et al. 1999). While these finding regarding anxiety have
not been replicated in another prospective study (none have been funded), other
studies support the finding that severe anxiety is a risk factor for suicide in addition
to the two studies just reviewed.

Stordal et al. (2008) in Norway published an unusual study designed as massive
study of health (the HUNT study) In this study over 60,000 subjects rated their
mood on the Hospital Anxiety and Depression scale, over several years, on a
monthly basis (except for July). This sample contained a subsample of 10,670
males and 3,833 females who died by suicide. Those committing suicide were
found to do so when their rating peaked at the same time for both depression and
anxiety severity (r = 0.72, p = 0.01). Suicides occurred peaked in June and a smaller
peak on October. Depression tended to vary (p = 0.001), while anxiety scores less
variation over time.

Another study by Pfeiffer et al. 2009 presented outcomes for 887,000 veterans
followed with depression. This study found a significantly elevated odds ratio
(OR = 1.2) for suicide associated with the diagnoses with generalized anxiety
disorder, anxiety disorder, panic disorder, but not PTSD or other anxiety disorders.
Most interesting was the increased odds ratio for suicide (OR = 1.7) in those
patients receiving anxiolytic medications (benzodiazepines or buspirone) and a
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further elevated odds ratio (OR = 2.4) in a sub-group taking high dose anxiolytic
medications. This study shows evidence of an association of suicide with more
severe anxiety symptoms, but also raises questions about the efficacy of benzodi-
azepines for treating severe comorbid anxiety to reduce suicide risk.

Some studies have not reported a relationship between a history of suicide
attempts and comorbid anxiety disorders as diagnosed by the SCID (Nakagawa
et al. 2008). However, these studies, did not address suicide or the severity of
anxiety, only past attempts and suicidal ideation and they focused on the diagnosis
of generalized anxiety disorder, while many patients with mood disorders develop
anxiety symptoms with the onset of their disorder.

8.8 Other Risk Factors: Active Substance or Alcohol Use

Comorbid substance abuse/alcohol abuse is common as a comorbid complication of
mental illness. They also increase the risk of suicide. It is clear that aggressive
impulsivity is a trait that promotes suicidal behavior (Nock et al. 2009), and it is
also clear that substance or alcohol abuse promotes impulsivity. It is very difficult, if
not impossible to successfully treat other psychiatric disorders in the active pres-
ence of substance/alcohol abuse. One study found that the presence of alcohol
abuse alone was associated with suicide across diagnostic categories. (Flansborg-
Madsen et al. 2009) and other studies have found alcohol abuse as a risk factor
(Beck et al. 1989).

Personality Disorders, especially borderline and antisocial personality disorder,
both of which are also associated with the presence of impulsive behavior have
been associated with suicidal behavior, but not in a time-related sense. It is of
interest that it has been shown that the presence of anxiety is associated with higher
levels of impulsivity, Nock et al. 2009, in a study of the occurrence of suicide
attempts across 21 countries, has shown that suicidal ideation alone does not predict
suicidal behavior, but suicidal ideation associated with increased anxiety or
impulsivity does lead to suicidal behavior.

8.9 Suicide May not Be Predictable: A Suicide Risk
Assessment Is the Standard of Care

We have no evidence that suicide is predictable in a short time frame. We have
reviewed evidence that suicide may be more likely when a patient is depressed,
severely anxious, of overwhelmed by life stress or anticipated negative events. A
recent study showed that 70 % of patients who committed suicide had no charted
evidence of a suicide assessment in the last visit prior to their suicide (Smith et al.
2013).
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8.10 What Is the Evidence that Treatment Can Prevent
Suicide?

Another chapter in this book has covered in depth the evidence that certain types of
psychotherapy can reduce suicidal behavior. With respect to medication, an
important meta-analysis by Khan has shown that in 8–12 week courses of antide-
pressants or antipsychotic medications do not result in less suicides (in a group of
patients selected not to be at high suicidal risk) than placebo. There is evidence of a
decrease of suicidal ideation on patients receiving SSRIs (Sher et al. 2012), but no
evidence of a reduction in suicide over 2–3 months of treatment.

However, there are two long-term follow-up studies that find that sustained
treatment with medication reduce suicide, A study by Angst et al. in a 34–38 year
follow up of 220 patient hospitalized for MDD, and 200 followed for bipolar
disorder, find that if a patient stays on medications for a minimum of 6 months
despite being more severely ill, they have a 2.5x less likelihood of suicide. The
suicide rate was still higher than normal for the treated group. This study showed
that the more the medications taken by the patient are, the better will be their
outcome.

A more recent analysis of CDS patients over a 16–20 year follow-up by Leon
et al. 2011, has shown that a higher propensity for taking antidepressant medica-
tions resulted in a 20 % decrease in suicide and suicide attempts. So, thus far, there
is evidence from long-term studies that if patients stay on medication they are less
likely to commit suicide. This shows that promoting adherence to maintenance
medication has evidence for a reduction of suicide.

We have no evidence of short-term reduction in suicide from treatment thus far.
Of course this evidence may be difficult to find as well as an ethical challenge. We
need more effective ways to determine high suicide risk as well as more effective
treatment to reduce suicide risk. There is evidence that severity of anxiety/agitation
can be reduced by atypical antipsychotic medications such as quetiapine and
olanzapine (Nishiyama and Matsumoto 2013; Bandelow et al. 2014; Montgomery
et al. 2014). This may be a way of treating severe anxiety and agitation that may
reduce the risk for suicide. This seems the best approach available at present when
one considers the high rate of suicide associated with the presence and even high
dosage of benzodiazepines reported above in the Pfeiffer et al. study. If benzodi-
azepines must be used to treat comorbid anxiety because of tolerance issues, the
author recommends clonazepam because of its longer half-life.

The finding that ketamine, infused intravenously, in some patients can eliminate
ideas of suicidal preoccupation after 40 min to several hours in responders, let us
know that it is possible to reverse suicidal thinking. Unfortunately, this effect lasts a
short time and at present we do not understand the mechanism sufficiently to
maintain this anti-suicide effect. However, we have a proof of concept that
encourages a continued search for treatment that can reverse suicidal risk (Larkin
and Beautrais 2011; Zigman and Blier 2013; Gloannis and De Leo 2014).
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Directions for the future in terms of being more effective in preventing suicide
depend on the discovery of more robust acute risk factors and methods to clinically
access this information. The deployment of more effective suicide risk assessments
as well as the development of more effective treatments such as those suggested by
the initial studies of ketamine, could increase our ability to prevent suicide more
often.

8.11 Summary

The evidence concerning whether suicide is clinically preventable has been
reviewed. At present there is no evidence that suicide is clinically predictable in an
individual, even though the standard of care requires that suicide risk be assessed in
psychiatric patients, who show an elevated risk in general, and clinical efforts be
made to reduce risk. We know of clinical factors that are weakly associated with
increased risk, but knowing when that risk is about to be acted on is not presently
possible. It may be that studies of risk have not considered all risk factors, such as
severe anxiety, which is often reversible with treatment. The clinical approach to
the assessment of risk may become more effective with improved clinical
approaches to suicide assessment. Improved methods of clinical assessment of
suicide risk could lead to more effective short-term prevention. At present, there is
no evidence that short term (2–3 months) treatment can prevent suicide, but there is
evidence that maintaining maintenance medication can reduce suicide in high risk
patients from long-term studies, and that stopping effective medications result in
increased rates of suicide in clinical samples.

There is recent evidence of the potential for pharmacologic intervention to
reduce suicide risk over the short-term. Improving and expanding our ability to
clinically assess short-term risk factors for suicide and finding more effective
pharmacologic treatments that recent evidence suggests is possible could signifi-
cantly increase our capacity to reduce suicide in high risk patients, which constitute
a large proportion of suicides. More successful means of encouraging effective
treatment of depression through physician education and enlisting more high-risk
people into getting effective treatment will be required as well.
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Chapter 9
Neurological Disease and Suicidal Behavior

Thomas J. Hudzik and Gerard J. Marek

Abstract Neurological disease both results from and produces imbalances in the
functions of brain circuitry, with resultant alterations in behavior, cognition, and
social interactions, among others aspects. These issues can contribute heightened
risk for suicidal behavior under a diathesis consistent with such behavior. In this
chapter, risk for suicide is addressed for a number of neurological disorders,
including Autism Spectrum Disorder (ASD), Parkinson’s Disease, epilepsy, and
Tourette’s Disorder. Neurologic disease is very frequently comorbid with psychi-
atric disease, although it can be difficult to separate symptoms of the primary
neurological disorder from what might be an independent psychiatric disorder.
However, given the high incidence of psychiatric symptoms in neurological dis-
orders, especially anxiety and depression, some of these patient populations can be
at especially high risk, and should be carefully monitored as a result.

9.1 Introduction

Considering the emergence and maturation of biological psychiatry over the last
decade, it seems unusual from the perspective of a neuroscientist to be considering
neurological disease as separate from psychiatric disease, especially from the
standpoint of risk factors. Indeed, psychiatric symptoms are more often than not
present in neurologic patients as well as neurologic symptoms being present in
psychiatric patients. However, if one considers that primary neuropathology in
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neurology is defined with greater certainty than is often the case in psychiatry,
perhaps the distinction remains useful.

Neurological diseases encompass a wide range of disorders with symptoms
spanning from the relatively subtle and stable as with essential tremor to those that
are progressive, degenerative, and devastating to quality of life of both patients and
their caregivers. While the relationship between primary psychiatric diseases with
suicidal behavior is often relatively clear, anxiety, depression, or loss of impulse
control secondary to or comorbid with neurological disease may not be as clearly
understood. For example, symptoms of depression in an Alzheimer’s dementia
patient may be masked by the symptoms of the primary disease, or a Parkinson’s
patient may not even recognize changes in their impulse control or mood to report
these to their physician (Brand et al. 2007). Even if psychiatric symptoms are
recognized in a patient with neurological disease, there may be an assumption on
the part of the physician that treatment of the primary disease will positively affect
psychiatric symptoms which are secondary. That of course may or may not be true,
depending upon the treatment and the patient.

Some special consideration within, but not limited to neurology patient popu-
lations are the degree of verbal fluency and fidelity, degree (or ability) of agreement
between self-report, caregiver report, physician’s assessment, disease severity and
progression, instruments used to garner information, and age. Additionally, there is
a growing awareness of the bi-directional impact of disease comorbidity, that is,
patients with neurological disease are at greater risk of developing major depressive
disorder (MDD), (Rickards 2005, 2006) which can then lead to suicidal behavior,
and likewise, patients with lifelong MDD are likely more prone to develop other
diseases including neurological diseases over the course of their lives. Untreated
psychiatric symptoms in patients with neurological disorders are associated with
poorer prognosis and obviously poorer quality of life (Agrawal and Rickards 2011,
Rickards 2005). Therefore, ensuring that symptoms are recognized and effectively
treated will result in overall better outcomes for the patient.

While the scope of the present chapter cannot encompass all neurological dis-
eases, we intended to focus on some of the more common, as well as several which
not have received much prior attention. Additionally, Traumatic Brain Injury is
extremely well-covered in another chapter (Nazem et al. 2008, This Volume).
Given the diversity of neurological diseases, the risk factors may be weighted very
differently among different sets of neurology patients.

9.2 Autism Spectrum Disorder

Autism Spectrum Disorder (ASD) is characterized fundamentally as a disorder in
social interaction which can range from the social awkwardness inherent in As-
perger’s to the near-total isolation of a severely affected autistic patient. Prevalence
estimates have been increasing over the last few decades, and the CDC now estimate
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that more than 1 % of the pediatric population have ASD (CDC 2012). Contributing
factors to social dysfunction include impaired cognition, attention, verbal, and
nonverbal communication, and a restricted behavioral repertoire (DSM 5). The
neurobiological underpinnings of autism have been the focus of a great deal of
research over the last 100 years, and while etiology has remained elusive, there do
appear to be structural abnormalities in the brains of patients (Brambilla et al. 2003).
Among the brain regions which have been most consistently described as abnormal
are increased total brain volume, increased cerebellar, amygdala and caudate vol-
ume, and reduced corpus callosum volume (Verhoeven et al. 2010; Stanfield et al.
2008). Structural differences imply functional differences, and indeed application of
functional imaging has demonstrated that autistic patients appear to in some cases
recruit different brain regions during the processing of cognitive tasks than normal
(Brambilla et al. 2003). Overall, despite what can be very marked consequences of
the disorder, the neuropathology is relatively subtle and variable, which suggests in
turn that connectivity among brain regions may be of primary importance rather than
malfunction of any collection of brain regions. Further, it is clear that neuropathic
changes do evolve over time, and how that can be reflected in behavioral changes if
of particular interest. Standard of care is highly tailored to the degree of impairment
and can range from custodial to no treatment.

In a sample of 350 children with autism 6–16 years of age, mothers reported
depressed mood in 54 % of children with high-functioning autism and 42 % with
low-functioning autism (Mayes et al. 2011; Murray et al. 2011). Anxiety disorders
are also well-known to co-occur in ASD in a much higher rate than in the general
population, and is considered to be a primary contributing factor to behavioral
disturbances in the population (Kim et al. 2000; Muris et al. 1998).

Given that social isolation is a strong risk factor in suicidal behavior and is a
primary characteristic of ADS, it would seem that ASD patients would be at an
especially high risk, assuming a certain level of social awareness in this population.
Social awareness will vary with disease severity, age, and level of intervention.
Diagnosis is most commonly done in early childhood, and it may be useful to
consider the youth population separately from those in adolescence and then in later
adulthood. In a study of 102 youths aged 7–12 years of age (Storch et al. 2013),
identified an 11 % incidence of suicidal ideation and behaviors, which is compa-
rable or even lower that to age-matched peers (Carter et al. 2008). Depression and
posttraumatic stress disorder were associated with suicidal thoughts and behaviors
(Storch et al. 2013). In a larger (N = 791) study (Mays and Gillon 1993), evaluated
a primarily high-functioning (IQ >= 80) population of autistic youths and found a
14 % overall incidence of ideation and behavior, with greatest risk factors being
black or Hispanic ethnicity, lower socioeconomic status, male gender, and
comorbid depression. In patients with all four risk factors, the incidence increased
to as high as 70 %.

It is well known that the incidence of suicidal behavior and of depression can
spike in early adulthood, but overall, there is a strong trend for increased probability
of appearance with age. This is reflected in observations that the proportion of the
population over age 50 have a much higher incidence of MDD and of suicidal
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behavior than that under age 50 (See Szanto, this volume). Whether this is true in
ASD has been addressed by a number of investigators, despite special challenges
inherent in diagnosing comorbidities in this population. In a longitudinal study
spanning 30 years (Mouridsen et al. 2008), examined cause of death among 341
Danish ASD patients (median age 43 years) and found that their rate of mortality
was twice that which would be expected versus the general population. Several
subsequent studies have confirmed the mortality rate in ASD at more than 2X the
overall population in the US (Pickett et al. 2006; Shavelle et al. 2001). In the Danish
study, epilepsy was associated with one-third of the deaths (8 of 26), whereas
clearly identified suicide accounted for two of the 26 deaths. More prominent were
accidental drowning and as well as motor vehicle accidents which were seen as
more related to patients’ difficulties in communications, and these causes of death
were also noted in the Shavelle and Pickett studies. While difficult to conclude
completed suicide rate from these studies, it remains clear that more work is needed
to better understand the subpopulations that may be at highest risk for suicide.

9.3 ADHD

ADHD is characterized as a persistent pattern of inattention and/or hyperactivity-
impulsivity that is more frequently displayed and is more severe than is typically
observed in individuals at a comparable level of development. There are three
subtypes of ADHD, differentiated by (1) inattention as a primary symptom, (2)
hyperactivity, or (3) mixed, although systematic study of each as a risk factor has
not been conducted. While usually diagnosed in childhood, it is now recognized as
a potentially lifelong condition (Wilens et al. 2002; Faraone 2005), and affects
roughly 5 % of the population overall (Faraone and Biederman 2005). Response to
both stimulant (e.g., D-amphetamine, methylphenidate) and non-stimulant (ato-
moxetine, guanfacine) medications implicates both dopaminergic and adrenergic
systems in the pathophysiology of the disorder. Imaging studies have demonstrated
dysregulation in processing of the prefrontal cortex, its inputs, and target areas,
although the precise etiology remains elusive (Arnsten 2009).

Several studies have attempted to address whether the incidence of suicide
completion or ideation is higher in the ADHD population than in the general
population. Most recently (Impey and Heun 2012), have extensively reviewed the
literature surrounding the association of ADHD with suicidality. Data were ana-
lyzed for completed suicides, attempters, and ideation without attempt, and con-
cluded that despite the variability among populations addressed by various studies,
there did appear to be a positive association in the vast majority of studies, but only
in males. Attention deficit hyperactivity disorder (ADHD) symptoms occur more
frequently in suicidal populations and subjects with ADHD are more likely to have
suicidal ideation and to attempt suicide. As in previous discussions, addition of
other risk factors, such as substance abuse, anxiety, and depression heighten the risk
in this population.
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9.4 Chronic Pain/Headache

The chronic pain population is extremely diverse, encompassing neuropathies, MS,
migraine, cluster headache, osteoarthritis, fibromyalgia, and low-back pain, to name
a few. A number of studies have previously reported higher rates of suicidal
behavior in chronic pain populations (Breslau 1992; Magni et al. 1998; Hitchcock
et al. 1994; Fishbain 1996; Smith et al. 2004). Depression is highly comorbid in
some of these populations, creating ambiguity whether suicidal behavior is sec-
ondary to the psychiatric condition or a combination of both the chronic pain and
depressive symptoms. Braden and Sullivan (2008) using the National Comorbidity
Survey Replication sample found that any increased risk for suicidal behavior in
reported chronic pain conditions (arthritic, neck, back, or ‘other chronic pain’) was
largely accounted for by presence of depression or anxiety disorder, with the
exception of headache and ‘other’ pain. However, in a larger sample (Scott et al.
2010), found that many chronic medical conditions, such as hypertension, heart
disease, in addition to pain-related conditions such as back and neck pain, in
general were associated with higher lifetime rates of suicidal ideation, even after
controlling for psychiatric illnesses. Sample and methodological differences likely
account for the differing conclusions of these studies, but clearly, chronic pain may
present risk, which will be heightened by concomitant depression. Assessment of
the relationship between management of chronic pain, pain severity, and suicidal
behavior will be crucial in better understanding the risks in these patients.

Besides epilepsy, the neurological condition most clearly associated with sui-
cidal behavior and independent of other factors such as depression is chronic,
recurrent headache, such as migraine and cluster headache. Migraine is character-
ized by moderate to severe headache, usually accompanied by sensory sensitization
such as photophobia and phonophobia. There are two main subtypes, delineated by
absence or presence of preceding neurologic symptoms referred to as aura. It is
clear that irregularity in cerebrovascular and cranial nerve (trigeminal and cervical)
function is involved in the disorder, but there is no agreement on initiators or even
the exact nature of the irregularity (Cutrer 2010). There are effective acute-phase
treatments, however, including the tryptan class of serotonergic 1b/d agonists, and a
variety of anticonvulsants and antidepressants have shown some efficacy in phro-
phylaxis (Pringsheim et al. 2010). The prevalence of migraine in the general
population has been recently estimated to be about 11 % (Buse et al. 2012), and
migraine is much more prevalent in in and more likely to cause disability in females
(Buse et al. 2013a, b). Comorbidity of migraine with risk factors associated with
suicidal behavior, such as depression and anxiety disorders, is roughly twice the
overall lifetime population averages (Breslau and Davis 1992; Buse et al. 2013a, b).
Overall, migraine patients do appear to have a higher risk of suicide attempts than
the general population, and the risk may be amplified by comorbid psychiatric
illness as well as with increased pain intensity (Breslau et al. 2012). Interestingly,
from the standpoint of suicidal ideation, there were few differences among migraine
patients with aura and those without. There is no data at present that indicates
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completed suicide attempts are higher in this population, although previous attempt
is a powerful predictor of successive attempts.

Cluster headache is characterized by severe unilateral orbital, supraorbital, or
temporal headache lasting between 15 min and up to several hours. Its incidence
lower than migraine, recently estimated to be about 0.1–0.2 % of the general
population (Fischera et al. 2008). The pathophysiology of cluster headache appears
to involve activation of the trigeminal pain pathways, vasodilation of intracranial
arteries during attacks, and inflammation of the cavernous sinus, although which of
these correlates are primary or secondary is still poorly understood (Leone and
Bussone 2009). Involvement of hypothalamic regions is suggested by activation of
hypothalamic areas during active headache. Treatments include NSAIDS, calcium
channel blockers, such as verapamil, mixed-mechanism anticonvulsant compounds,
such as topiramate, lithium and opioids.

While migraine’s psychiatric comorbidities have been fairly well studied, per-
haps due to the lower population incidence of cluster headache, this linkage appears
to have received less attention (Robbins 2013). Rozen and Fishman (2012) sur-
veyed more than 1,000 cluster headache patients and found that depression was
observed to be the most frequently comorbid medical condition (nearly 25 %) and
the majority (55 %) of patients exhibited suicidal ideation. Among these, 2 % have
made suicide attempts. Additionally, half of cluster headache patients have
exhibited some form of self-injurious behavior during an episode.

9.5 Parkinson’s Disease

Parkinson’s disease is the second most common neurodegenerative disease, with a
1 % incidence in the adult population over 60 years of age (de Lau and Breteler
2006). The disease is characterized primarily by motor dysfunction due to loss of
dopamine-containing neurons in the midbrain’s substantia nigra and hence, loss of
their projections to forebrain motor regions. The loss of synaptic input of dopamine
can be reflected by a loss of forebrain dopamine transporters or postsynaptic
dopamine receptors. Hallmark symptoms are tremor while awake that progresses
distally to proximally over the disease course, a shuffling gait, and ultimately
progresses to relative immobility. While the motor symptoms are iconic in Par-
kinson’s, it is clear that as importantly the disease results in cognitive, behavioral,
and affective symptoms which can be positively or negatively altered by the
standard of care-dopamine replacement therapy, as well as by emerging therapies,
such as deep brain stimulation. Etiology is multivariate and heterogeneous, and
includes factors such as exposure to environmental toxins, coupled to genetic
vulnerability and to nutritional history and status. Recently, impulse control dis-
orders which are likely part of the disease and/or treatment (Dagher and Robbins
2009) have been the subject of a number of studies and are characterized by a
failure to resist impulses that can lead to harmful outcomes for both themselves and
those around them. Examples of these are gambling, which is the most common,
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but also include hypersexuality, compulsive shopping, and compulsive eating.
Impulse control disorders can affect as many as 15 % of patients with Parkinson’s
disease. It is interesting to consider whether impulsivity, related to the disorder or to
its treatment, plays a role in suicidality in the disease. Additionally, given the
pivotal role of the dopaminergic system in reward, pleasure, and in cognition, it
would certainly be predicted that Parkinson’s patients would suffer from depression
in much higher proportions than in the general population. This has been demon-
strated by Nazem et al. (2008), who estimated that the incidence of depression may
be as high as 40 % in the Parkinson’s population, accompanied by an alarmingly
high level of suicidal ideation of >30 %.

Degeneration of other monoamine neurons could also play a role in depressive
symptoms and suicidal behavior in light of evidence that restoration of dopami-
nergic neural networks by transplantation of dopamine-rich fetal mesencephalic
tissue failed to alleviate depressive symptoms despite improving motor symptoms
(Politis et al. 2012). Serotonergic neurons and serotonergic terminal fields did not
demonstrate recovery with the transplantation and are a reasonable candidate to
explain the failure to improve depressive symptoms. This notwithstanding, Par-
kinson’s patients have been shown to have a lower prevalence of completed sui-
cides than age-matched controls (Myslobodsky et al. 2001; Stenager et al. 1994).
Depression associated with Parkinson’s, however, appears to increase the risk of an
attempt, and treatment of the depression therefore becomes quite important (Nazem
et al. 2008). Recently, if Parkinson’s patients who have undergone DBS treatment
are considered, a number of case studies (Burkhard et al. 2004; Soulas et al. 2008),
followed by controlled trials (Voon et al. 2008) indicated that DBS patients were
indeed at higher risk for suicidal behaviors including completed suicide attempt,
especially in the first years following surgery. Interestingly, the increase in suicidal
behavior in this population occurs despite otherwise excellent symptomatic out-
come (Wolters et al. 2008). There is some retrospective evidence of both affective
(Berney et al. 2002) and cognitive (Aybek et al. 2007) changes following DBS
surgery, which could potentially play a role in outcome in some patients, although
this remains unclear to what degree (if any) the surgery may unmask, induce, or
accelerate these symptoms. There does appear to be a clear association with
depression in this population, and therefore careful presurgical screening and
postoperative monitoring can be useful tools in mitigation.

9.6 Tourette’s Syndrome

Tourette’s is characterized by involuntary motor tics, sometimes involving vocal-
izations ranging from grunts to sentences uttered, and commonly involves simple tics,
such as jerking of the head or limbs. Tics are often preceded by sensation of impending
inevitability. Tourette’s affects about 1 % of the population. The pathophysiology
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involves a loss of inhibitory GABAergic and cholinergic neurons, particularly in the
basal ganglia and putamen (Kataoka et al. 2010; Kalanithi et al. 2005). Etiology is
complex, where multiple contributing factors including genetics, infection, toxin
exposure, and injury can all play a role. The complex etiology is reflected by a high
degree of variability in the clinical presentation, but the syndrome appears to con-
sistently appear in childhood, peaks during adolescence, and abates somewhat during
adulthood—at least in terms of tic severity. Standard of care are dopamine-blocking
drugs—typical and atypical antipsychotics, only two of which, haloperidol and
pimozide are FDA-approved for the indication, although a host of other medications
have been used, including topiramate, tetrabenazine, SSRIs, and benzodiazepines, all
of which, including the antipsychotics, appear to have limited efficacy. DBS and even
ECT has been applied to varying degrees of success (Ward et al. 2010; Burdick et al.
2010; Motlagh et al. 2013; Robertson 2006).

Comorbid psychiatric disorders are seen in up to 90 % of Tourette’s patients
(Kurlan et al. 2002; Freeman and Tourette Syndrome International Database 2007;
Zinner and Coffey 2009), especially MDD, Obsessive-Compulsive Disorder (OCD)
(Anholt et al. 2006; Kano et al. 2010a, b, 2010). Despite this, there appear to be few
studies that specifically address suicide in Tourette’s. Comings and Comings (1987)
demonstrated a high level of suicidal ideation in this population, with 40–50 %
reporting ideation, and up to 15 % reporting actual attempts.

9.7 Epilepsy

Epilepsy is a multifaceted disorder that affects about 3–30 % of a given population
over the lifetime, depending upon a number of factors including economic status of
the population (Bell et al.2014). While there are many distinct epileptiform disor-
ders, the hallmark characteristic is seizure, with or without loss of consciousness.
The seizure, a result of neuronal firing synchrony in a brain region, can have motor
involvement that ranges from minimal, as in absence epilepsy up to nearly com-
plete, as in status epilepiticus, depending upon locus, focus, and total amount of
tissue involved. Standard of care are a number of classes of antiepileptic drugs, all
of which directly or indirectly increase inhibitory tone in brain, usually via
enhancement of gabaergic transmission. As in Parkinson’s disease, although for
different reasons, patients often become refractory to their medications, and an ever-
evolving cocktail of medications are sometimes required to maintain the patient. If
pharmacotherapy fails, surgical options, including excision of the affected brain
region and DBS can provide relief of symptoms. There are clearly congenital forms
of epilepsy, although it can develop following acute head trauma, or slowly over the
course of neurodegenerative illnesses.

A number of studies have demonstrated a clearly increased risk for suicidal
behavior in the epileptic population, even after correcting for socioeconomic status,
marital status, and comorbid psychiatric disease (Jones et al. 2003; Rudzinski and
Meador 2013; Buljan and Santic 2011). Unlike the general population trend, the
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length of illness is inversely correlated with risk, in that the risk appears to be
highest within the first year of diagnosis (Hesdorffer et al. 2013; Hecimovic et al.
2011). As is almost always the case, concomitant depression is the most prevalent
enhancer of risk in this population (Harden and Goldstein 2002). It is of note that
some, but certainly not all anti-epileptic drugs appear to have efficacy in bipolar
disorder, suggesting some potential overlap between the two types of diseases (Post
et al. 1991). Indeed, the suicide rate in bipolar disorder is very high relative to other
illnesses (Finseth et al. 2012; Jollant 2010).

9.8 Conclusions and Speculations

The comorbidities of psychiatric and neurologic illness underscores the broad
overlap among these disciplines, and by more clearly understanding the relation-
ships among these, further advances in both fields can be made. Among the greatest
risk factors for suicidal behavior is presence of depression, which, as we have seen
above, is extremely commonly comorbid and can potentially amplify the risk of
suicidal behavior if left untreated in any neurological patient population. This may
be complicated by the fact that in some patient populations (e.g., Alzheimer’s)
treatment response to antidepressants is poor. In general, neurological disease
results in disrupted cognition (e.g., poor decision-making), which, as described so
eloquently by Nazem et al. (this volume) can result in heightened risk for suicidal
behavior. Perturbed serotonergic neurotransmission, a common finding in suicidal
behavior in general (Mann et al. 1989), is a likely correlate of many neurological
diseases, given the widespread distribution and hence influence in brain function.
Another pervasive phenomenon in both psychiatric and neurologic diseases in an
inflammatory component, that can both result from neurologic insult and maintain a
perturbation of circuitry. It is possible than any such disruption can lead to
increased risk, exemplified by additional disorders such as fetal alcohol syndrome,
multiple sclerosis, ALS, MS, among others. The neurologist should be aware of the
complex interplay between symptom severity, chronicity, and concomitant/resultant
psychiatric disorders which can lead to fatal outcome. Mitigation can perhaps take
the form of making broader use of instruments such as the C-SSRS (Posner et al.
This Volume) in assessing risk in individual patients in these populations.
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Chapter 10
Suicide in the Second Half of Life:
Cognition and Decision Processes

Katalin Szanto

Abstract The persistent high elderly suicide rates remain an understudied public
health problem despite their importance. Suicide, in old age, is often viewed as a
rational decision, triggered by loss, illness, disability, and depression. Neither the
traditional medical model, which emphasizes the role of psychopathology (espe-
cially depression, psychosis, and alcohol and drug abuse), nor the psychosocial
models that emphasize the role of social isolation and burdensomeness adequately
explains the age-related increase in suicide rates. The importance of different vul-
nerability factors and certain life-events relative to suicidal behavior may change
across the life span. Decision-making deficits due to cognitive decline, and in
particular poor cognitive control, are more common in old age. Suicide follows a
decision process, and recent studies have shown that suicidal individuals often
make disadvantageous decisions in other situations. There is accumulating evidence
that impaired cognitive control, deficits in social processing, and impulsivity—
expressed in poor decisions both in experimental paradigms and in the context of
real-world decision-making—may contribute to the decision to take one’s life.

10.1 Introduction

The increase in suicide rates among adolescents in Western countries has drawn
much attention in the media and has received research priority, while the persistent
high elderly suicide rates remain an understudied public health problem despite
their importance (Cardinal 2008). Only recently, the rising suicide rates of the baby-
boomer generation (who entered the 50–70 age range) has sparked interest in
suicide in the second half of life. In the US, elderly suicide rates decreased from
1991–1999, but the Center for Disease Control reports that suicide rates in indi-
viduals aged 45–64 and 65 and older have continued to rise since 2001.
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In particular, suicide rates among men aged 50–59 increased by almost 50 % from
1999 to 2010. Although suicide rates in the United States have decreased over the
past two decades, the number of older adults dying by suicide has remained con-
stant, owing to their increased number in the population (Fig. 10.1).

10.2 Epidemiology and Trends

Elderly people have the highest suicide rate in almost all countries in the world
where data are available, with the highest suicide rates in persons aged 85 and older
(World Health Organization 2005). In many countries such as Hungary, Belarus,
and Lithuania, suicide rates increase with age in both genders. However, in other
countries, for example in the US and Sri Lanka, the steady increase over the life
span is only true for men but not for women. The suicide rates of older men
generally surpass that of women with the highest male elderly suicide rates reported
in Belarus and Lithuania (approx. 91 per 100,000). In the US, suicide rates among
males are highest in the 65+ age group (29.05 suicides per 100,000) and among
females, highest in the 45–54 age range (9.34 suicides per 100,000). A different
trend exists for Japan, where the highest suicide rate among women is in the 75+

Fig. 10.1 Decision-making in the stress-diathesis model as originally described in Mann (2003)
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age group (19.4 per 100,000), and the highest rate among men is in the relatively
younger 55–64 age range (55.1 per 100,000).

Race and gender are suicide risk modifiers; in the US, African American elders
have lower suicide rates than Caucasians, and the suicide rate of elderly men
exceeds that of women by 3–1 (Centers for Disease Control and Prevention 2012).
Caucasian men over the age of 85 were reported to be at the greatest risk of all age-
gender-race groups at 47.3 per 100,000, which is approximately four times the US
national suicide rate (11.3 per 100,000). A US study found that men 70 years and
older had higher attempt lethality than men 50 years and older (Dombrovski et al.
2008), driven by higher levels of intent. The pattern among women was different, as
older women (70+) had lower attempt lethality than those between the ages of
50–69. In the US, firearm suicide rates among males aged 45–64 years were greater
than all other suicide methods combined (Centers for Disease Control and Pre-
vention 2012). These trends point to an increasing need to address risk factors that
make older adults vulnerable to suicide.

10.2.1 Death by Suicide

A suicide attempt in late life is approximately 25 times more likely to be fatal
compared to young adulthood (De Leo et al. 2001). Similar to adolescents and
young and middle-aged adults (Mann et al. 1999; Brent et al. 1999), history of
suicide attempt is the strongest predictor of death by suicide in old age (Beautrais
2002; Waern et al. 2002a; Conwell et al. 2002). Research experience of recent
decades suggests that studies of suicide attempters provide the only practical in vivo
window into the biological vulnerability to suicide (Maris et al. 2000). There is,
however, considerable skepticism as to how representative suicide attempters are of
suicide victims. Indeed, among adolescents and younger adults, the ratio of
attempts to completed suicides can be as high as 100:1 (Moscicki 1995). By
contrast, this ratio can be as low as 1.2:1 in older men (De Leo et al. 2001),
suggesting that elderly suicide attempters may be more similar to those who die of
suicide than younger suicide attempters (Pearson and Brown 2000; Frierson 1991).
In addition to the fact that the elderly are more likely to be physically frail and live
alone than younger adults, the low attempt-to-death ratio is mostly attributed to the
fact that older suicide attempters, particularly men over 70, carry out medically
serious (high lethality) suicide attempts with a high intent to die (Dombrovski et al.
2008). Thus, it has been proposed that suicidal behavior in old age best approxi-
mates lethal suicidal acts. This notion is reinforced by greater clinical and demo-
graphic similarity between attempters and suicide victims in older, compared to
younger adults (Friedmann and Kohn 2008; De Leo et al. 2001). In summary,
attempted suicide in old age is the clinical phenomenon most closely resembling
fatal suicidal behavior, thus described as “failed suicide”.
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10.2.2 Reattempt, Risk Period

Older adults are more likely to die by suicide within 1 year following a suicide
attempt than are younger individuals who made an attempt (Friedmann and Kohn
2008). According to a Finnish study, the first 3 months after hospital discharge
represent the highest risk period for reattempts among hospitalized elders (Kar-
vonen et al. 2008). Hawton and Harriss conducted a prospective study investigating
repetition of deliberate self-harm and death by suicide in adults aged 60 and older.
They followed 730 patients who presented to the hospital after a deliberate self-
harm episode for a period of 23 years. Those who had previously attempted suicide
were 49 times more likely to die of suicide compared to the demographically
similar general population. Nearly three quarters of the sample had high intent
during the index episode of self-harm (Hawton and Harriss 2006), which is a
greater proportion than found among younger patients.

10.2.3 Age-Specific Diatheses and Stressors

The importance of different vulnerability factors and certain life-events relative to
suicidal behavior may change across the life span. Decision-making deficits due to
cognitive decline, and in particular poor cognitive control, are more common in old
age, while the pathway involving impulsive aggression is more common in young
adulthood (McGirr 2008). Bereavement, disability, and pain are often cited as
triggering events in old age; in contrast, financial and relationship problems are
common motivations in younger age groups.

10.3 Risk Factors Associated with Suicide in the Second
Half of Life

10.3.1 Physical Illness

Physical illness and associated disabilities are often cited as motivations for suicide
by older suicide attempters, and sometimes mentioned by significant others as a
way to rationalize or “understand” the loved ones’ suicide. Indeed, research sug-
gests that physical illness is a frequent precipitant to suicidal behavior in older
individuals (Waern et al. 2002b; Duberstein et al. 2004b; Harwood et al. 2006). In a
sample of 100 suicide victims who were at least 60 years old, Harwood et al. (2006)
found that physical illness was one of the three most frequent life problems asso-
ciated with suicide, along with interpersonal problems and bereavement. This study
also noted that pain, breathlessness, and functional limitation were the most fre-
quent physical symptoms associated with death by suicide in late-life. Similarly,
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Cattell and Joley found that of the adults aged 65 and older who died by suicide,
43 % used general practitioner services before their death and 23 % had been
inpatients in the year preceding their death (Cattell and Jolley 1995). From a
prospective study of deliberate self-harm episodes, Hawton and Harriss (2006)
identified physical illness as a significant problem in nearly half of the study
sample.

Among specific diseases, cancer (Conwell et al. 1990) and diseases associated
with breathlessness and pain (Harwood et al. 2006) are the ones most consistently
associated with suicide in older adults. Quan et al. (2002) found that cancer,
prostate disorders, and chronic pulmonary disease were associated with suicide in
the elderly. Waern et al. (2002a) noted that visual impairment, neurological dis-
orders, and malignant disease were associated with increased risk for suicide.
Furthermore, using data from 1,354 completed suicides in Ontario, Canada between
1992–2000, Juurlink et al. (2004) found that while many common illnesses—such
as congestive heart failure, chronic obstructive lung disease, seizure disorder, uri-
nary incontinence, and moderate to severe pain—were independently associated
with an increased risk of suicide in the elderly, the risk was greatest among patients
with multiple illnesses.

In contrast to the findings discussed above, an autopsy study conducted by
Préville et al. (2005) found no significant difference between health problems
reported by suicide victims and controls. However, controls had more functional
autonomy than suicide victims had shortly before their deaths.

Physical illness in itself has low predictive value in determining suicide risk, and
one should consider other potential vulnerabilities that mediate or accentuate the
effect of physical illness on suicidal behavior.

Some studies suggest that gender may play an important role in the extent to
which physical illness burden is related to suicidal behavior. Heikkinen and Lon-
nqvist (1995) found that among victims of suicide aged 60 and older, men had
encountered recent somatic illness more often than women. Physical illness may be
a stronger risk factor for suicide in men than in women, though it is unclear whether
this observation has occurred because studies were underpowered to observe
increased suicide risk in women, or because women respond and cope differently to
physical illness burden than their male counterparts (Waern et al. 2002b). A psy-
chological autopsy study of late-life suicide victims in which a diagnosis of cancer
had played a major role in victims’ decisions to end their lives found that all victims
were men with a rigid, self-sufficient personality style who had had prior experience
with cancer or other debilitating disease (Conwell et al. 1990). Prior to their deaths,
victims had expressed fears about cancer-related physical decline, loss of auton-
omy, stigma of terminal illness, and a fear of becoming a burden to others. They
also had diagnosable affective disorders, but had not received mental health care.

Of additional significance in assessing suicide risk is an individual’s appraisal of
his or her disease burden, including the perceived effect it will have on others and
the perceived change on the individual’s quality of life. Physical illness could create
additional stress for caregivers, reduce functionality, and increase financial strain.
Joiner (2002) at al observed that perceived burdensomeness was correlated with
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suicide attempter status and with the use of more lethal means of suicide, even after
controlling for other relevant dimensions such as a desire to control one’s own
feelings, a desire to control others, emotional pain, and hopelessness. Suicide risk
may be particularly amplified among those who perceive their illness to be pro-
gressively worsening or terminal, those who previously witnessed loved ones
succumb to the disease, and those who put high value on their independence.
Receiving the diagnoses of cancer (Conwell et al. 1990) or AIDS increases the risk
of suicide. Two time periods appear to be particularly critical to suicide risk in
AIDS patients: when the HIV positive diagnosis is communicated and when cog-
nitive complications first appear (McKegney and O’Dowd 1992).

Duberstein’s case-control study reported that suicidal elderly were more likely to
perceive their illness as incurable and were also more likely to require in-home
assistance, according to proxy respondents (victims’ next-of-kin). The effect of
physical illness remained even after controlling for current psychiatric disorders
(Duberstein et al. 2004). Loebel et al. (1991) noted that anticipation of nursing
home placement was cited as a precipitating factor in 44 % of persons within their
sample who had given reasons for their completed suicides. Research on the hot-
cold empathy gap (Loewenstein 2005) suggests that this may be the case because
patients are unable to imagine that they will adapt to changing life circumstances
and their acute state of fear, anxiety, or pain immediately following an unfavorable
diagnosis will not persist. As such, the decision to end one’s life may be state-
dependent.

10.3.2 Cognition and Decision-Making

Over the last decade there has been an accumulation of evidence that understanding
cognitive deficits and decision processes associated with suicidal behavior and their
relationship to other risk factors may help to identify people at risk of suicide, and
help to develop individualized treatment strategies. This could be particularly true
for older suicidal adults, as accelerated age-related cognitive changes may con-
tribute to the inability to solve problems, and to the ultimate decision to take one’s
life.

Suicide is a heterogeneous behavior resulting from a convergence of individual
vulnerability, state, and environmental pressures. Although there is strong evidence
for developmental factors, in most countries, suicide rates peak in late adulthood.
Although most elderly suicide attempters and those who die by suicide suffer from
depression, only a minority of depressed elders attempt suicide, and clinicians still
cannot confidently identify depressed elderly who are most likely to attempt or die
by suicide. In addition, loss, illness, and disability typical of aging contribute only
modestly to suicide risk, leaving an open question of what other factors may
account for this pattern.
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10.3.2.1 Cognitive Aging, Decision Processes, and Suicidal Behavior

It remains unclear to what extent accelerated cognitive aging explains higher sui-
cide rates in older adults (Haw et al. 2009). There may be a certain phase of
cognitive decline or a particular cognitive profile that predisposes one to suicidal
behavior. For example, a Danish population study found a marked increase in
suicide rates in dementia patients after an inpatient admission (Erlangsen et al.
2008). It is likely that age-related neurodegenerative and vascular changes (Alex-
opoulos et al. 1997; Chan et al. 2007) modify older adults’ vulnerability to suicide.
The ability to make cognitively demanding decisions declines in old age even in
non-demented elderly (Denburg et al. 2007). Older adults are more likely to be the
victims of misleading advertising or other scams, and also make less advantageous
decisions in the laboratory than younger individuals (Fein et al. 2007; Brown and
Ridderinkhof 2009). This is partly explained by an age-related decline in cognitive
control (MacPherson et al. 2002), related to the disproportionate effect of aging on
the prefrontal cortex (Raz et al. 2005).

Originally described by Mann (2003), the stress-diathesis model differentiates
temporary stressors such as psychosocial strain and mood states from a stable
diathesis encompassing heritable impulsive-aggressive traits and hopelessness. An
emerging literature suggests that the tendency to make disadvantageous decisions is
the link between some aspects of the diathesis and suicidal behavior. Early studies
described suicide attempters as poor problem solvers and the suicidal crisis as a
state with low-level, concrete thinking, increased impulsivity, and a focus on
immediate goals, where consequences of the attempt are not considered. There is
increasing evidence to support the view that the suicide diathesis involves cognitive
deficits and maladaptive decision-making. Extending the stress-diathesis model, we
propose that the trait-like diatheses—impaired cognitive control, deficits in social
processing, and impulsivity—are expressed in poor decisions.

10.3.2.2 Decision-Making Biases as a Link Between the Stable Diathesis
and the Suicidal Crisis

Providing initial evidence, Jollant and colleagues found impaired decision-making on
the Iowa Gambling Task in euthymic younger suicide attempters with mood disor-
ders: suicide attempters failed to switch from high-initial payoff, high-loss options to
low-initial payoff, long-term winning options (Jollant et al. 2005). Studies replicated
these findings in younger (Bridge et al. 2006) and bipolar (Malloy-Diniz et al. 2009)
patients; however, there was a negative report as well (Oldershaw et al. 2009). A
similar decision-making task without working memory demands (Cambridge
Gambling Task), (Clark et al. 2011) showed decision-making impairment in older
suicide attempters compared to depressed non-suicidal and healthy controls. While
these findings support the notion of altered decision-making in suicide attempters, the
mechanisms of impairment on such a complex task remain unclear.
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10.3.2.3 Cognitive Control Deficits and High-Lethality Suicide
Attempts

Population studies have linked poor cognitive abilities (Andersson et al. 2008;
Gunnell et al. 2011) to suicidal behavior. Deficits in cognitive control represent the
most consistent finding in both middle-aged (Keilp et al. 2008, 2001; Marzuk et al.
2005; Raust et al. 2007; Nock et al. 2010) and older (Gujral et al. 2012; McGirr
et al. 2012a; Richard-Devantoy et al. 2012) suicide attempters, as well as in
euthymic first-degree relatives of suicide victims (McGirr et al. 2012a). Cognitive
control is the active maintenance of patterns of activity that represent goals and the
means to achieve them (Miller and Cohen 2001). This construct is related to the
older term executive function. In the domain of decision-making, cognitive control
is required to represent goals and to organize information about rewards, punish-
ments, and available actions. Interference control, measured by the Stroop, appears
to be a particularly sensitive index (Richard-Devantoy 2011; Keilp et al. 2013),
related to higher lethality of suicide attempts (Keilp et al. 2001, 2013, 2008). One
study found a relationship between high-lethality suicide attempts and poor cog-
nitive control, as assessed by the Wisconsin Card Sort (McGirr et al. 2012;
Dombrovski et al. 2011, 2013), independent of medication exposure, substance use
disorders, and possible brain injury from suicide attempts. It is unclear, however, if
these deficits are selective, and whether attention and working memory are also
affected (Dougherty et al. 2004; Keilp et al. 2008). Our studies show that a basic
deficit in cognitive control, which undermines decision-making in complex envi-
ronments, is linked to high-lethality suicide attempts. Poor decision-making can
result from several distinct decision-making biases, suggesting the existence of
different pathways or subgroups en route to suicidal decisions. One of the pathways
has been linked to impulsivity.

10.3.2.4 Decision-Making Deficits Related to Impulsivity in Late-Life
Suicide

Impulsivity is a complex, multidimensional construct (Klonsky andMay 2010; Kirby
and Finch 2010; Dougherty et al. 2004). Dougherty and colleagues proposed that
impulsivity includes at least three testable components: response initiation prior to
complete processing, response inhibition, and myopic choice (Dougherty et al. 2009,
2010). Risk-taking impulsivity is also often considered as a separate component. It is
possible that the importance of these components vary across the life-cycle in suicidal
individuals, given the larger cooccurrence of substance abuse and conduct disorder in
younger compared to older suicide attempters. Using Kirby’s Monetary Choice
Questionnaire (Kirby 1997), Dombrovski and colleagues (Dombrovski et al. 2011)
found that the preference for immediate reward over larger delayed reward, i.e.,
myopic choice, differentiated between low lethality (mostly impulsive) and high
lethality (mostly premeditated) suicidal acts. The same group also reported that older
suicide attempters neglected key information when making decisions (Dombrovski
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et al. 2013), linking specific decision-making patterns to low-medical lethality,
poorly planned attempts (Dombrovski et al. 2011, 2013).

10.3.2.5 Social Cognition and Social Decision-Making

Lack of feeling connected (Duberstein et al. 2004b) and poor social problem
solving (Gibbs et al. 2009) have been described in older suicide attempters.
However, cognitive substrates of this apparent social impairment in suicide at-
tempters remain unknown. Social cognition (i.e., the encoding, storage, retrieval,
and application of social information) is a prerequisite of social understanding and
empathy. One possible deficit, the inability to recognize others’ complex emotional
states has been observed not only in disorders characterized by prominent social
deficits (autism-spectrum disorders and frontotemporal dementia), but also in
depression, alcohol dependence, and in normal aging. Szanto and colleagues
reported that older suicide attempters committed significantly more errors in social
emotion recognition and showed poorer global cognitive performance than elders
with no psychiatric history (Szanto et al. 2012). Attempters had restricted social
networks: they were less likely to talk to their children, had fewer close friends, and
did not engage in volunteer activities, compared to nonsuicidal depressed elders and
those with no psychiatric history.

Suicide is often a solution to mounting conflicts, albeit at a catastrophic personal
cost. Economic bargaining games can model social influences on decision-making.
These tasks are beginning to shed light on social decision processes in psychiatric
illness (King-Casas and Chiu 2012; Kishida et al. 2010), such as distrust in bor-
derline personality disorder; however, so far there has been only one study that
investigated social decision-making in suicidal individuals. Using an economic
bargaining game that involves unfairness (the Ultimatum Game), Szanto and col-
leagues found that suicidal elderly, in particular high medical lethality suicide
attempters, had disadvantageous tendencies in resolving conflicts on this game
(Szanto et al. 2013a). In contrast to the control groups and low-medical lethality
suicide attempters, they did not adjust their responses to unfairness based on the
money at stake. One of the deficits that may contribute to these patterns of sub-
optimal social decision-making is social interference of emotions with reward
prediction. Indeed, maladaptive interference of social emotions in striatal reward
responses during an economic exchange have been described (Delgado et al. 2005).

10.3.3 Social Connectedness

Research has shown that poor social connectedness, or the lack of enduring, stable
interpersonal relationships, can amplify the risk for suicide in older adults. Suicidal
behavior and social connectedness have been linked through several subjective
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indicators such as social isolation and perceived sense of loneliness, and objective
indicators such as living alone and the loss of loved ones.

Subjective indicators of social connectedness include the individual’s own per-
ception of social supports and interactions. Using the Interpersonal Theory of Suicide
proposed by Joiner et al. (2009), Van Orden (Van Orden et al. 2010) suggests that a
thwarted sense of belongingness is one of the subjective constructs that contribute
significantly to suicide risk. Prolonged loneliness and the absence of reciprocally
caring relationships can induce negative emotional and interpersonal states, which
may result in suicidal ideation or behavior. Kissane andMcLaren note that adults who
report a higher sense of belonging cite a greater number of reasons for living, which
may be linked to reduced risk for suicide. (Kissane and McLaren 2006). Harrison
et al. (2010) found that suicidal elderly report lower levels of perceived support and
prolonged interpersonal difficulties. This is consistent with the idea that depressed
elderly are typically characterized as dealing with rejection or criticism poorly/
incompetently. Perceived weak social supports and deteriorating relationships could
result in guilt and feelings of worthlessness, which in turn could increase their
likelihood of considering suicide. The findings also suggest a persistent pattern of
hostility, sensitivity, and ambivalence in interpersonal relationships, which could be
associated with high rigidity and inflexibility common in elderly people who may be
at high risk for suicide. Poor social integration and perceived lack of community
support were also found by Dennis and his colleagues (Dennis et al. 2005) to be
important in predicting suicidal behavior. In somewhat similar findings, Awata et al.
(2005) showed that lack of perceived ‘instrumental support’ related to inability to
function independently could lead to increased suicidal thinking.

Adults in this phase of life typically experience a range of stressful events such as
loss of a spouse or loved ones, retirement, change in living arrangements, and
physical illness that serve as objective indicators of social connectedness. Support
from family and friends during such events is important in order to cope effectively
with these stressors and to serve as a “buffer” against their negative impact. Harwood
et al. (2006) suggest that suicidal individuals experience more problems related to
bereavement. Chronic distress due to loss of a spouse or loved one can pose as a risk
factor for suicide. Our study found that complicated grief resulting from bereavement
is an important indicator of suicidal ideation in the elderly (Szanto 1997). Vander-
horst and McLaren (2010) explored states of relatedness in adults 65 or older and
found that limited availability of social support was associated with higher levels of
depression and suicidal ideation. Duberstein et al. (2004b) found that those who died
from suicide were more likely to be unemployed, widowed or single/divorced, and
less likely to have had siblings or children. They were also less likely to have been
engaged in community activities or social networks. Our findings found associations
between suicide risk and subjective as well as objective indicators of social con-
nectedness. Even after accounting for other factors such as depression and physical
illness burden, suicidal elderly were found to have more disruptive interpersonal
relationships and restricted social networks than non-suicidal elderly. They reported
lower levels of belonging, tangible support, and were less likely to maintain regular
contact with their children (Szanto et al. 2012).
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There is some evidence that making resources available can improve these
subjective and objective indicators that affect social connectedness among the
elderly. De Leo et al. (2002) and Oyama et al. (2005) show that intervention
methods and community programs that bolster social connectedness may have a
positive impact on the elderly and prevention of suicide.

10.3.4 Socioeconomic Status and Suicidal Behavior

Low socioeconomic status may be a risk factor for suicide, both as a chronic
stressor in itself and as a potential barrier to accessing treatment (Cohen et al. 2009).
Some research also suggests that individuals of lower socioeconomic status may be
more likely to report suicidal ideation at the beginning and throughout the treatment
of late-life depression (Cohen et al. 2006).

Interestingly, some evidence suggests that employment status may be more rel-
evant to suicidal behavior than pure socioeconomic status. Cubbin et al. (2000) noted
that in a noninstitutionalized civilian US sample, no significant difference was found
in the risk of suicide by income or education after adjustment for other relevant
characteristics (e.g., age, race, sex, ethnicity). However, those not in the labor force
were more than twice as likely to die from suicide compared to white-collar workers
(adults?). Lewis and Sloggett (1998) similarly noted that the association between
suicide and unemployment was stronger than the association with other socioeco-
nomic measures in a representative 1 % sample of the population in England and
Wales in which census variables were linked to mortality data. Blakely et al. (2003)
found that among 2million respondents to the NewZealand 1991 census aged 25–64,
being unemployed was associated with a two- to three-fold increased relative risk of
death by suicide compared to being employed. The authors note that about half of the
association might be confounded by mental illness.

Research by Link et al. (1993) goes further, suggesting that the relationship
between socioeconomic status and depression/distress (but not explicitly suicide) is
linked to the social causation model, which states that increased education, occu-
pational prestige, and the degree to which one is able to exercise direction, control,
and planning (i.e., autonomy) in one’s occupation is protective against depression.

Indeed, while some studies have tried to parse out the cause/effect bi-directional
relationship between lower socioeconomic status and mental illness, our search
suggested no studies have examined suicide in this context specifically.

10.3.5 Personality Pathology and Late-Life Suicide

Personality disorders (PDs)—especially borderline personality disorder—are
associated with high impulsivity (Wilson et al. 2007), emotion regulation diffi-
culties (Bornovalova et al. 2008), and suicidal behavior (Wilson et al. 2006). The
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prevalence rate of PDs and severe personality pathology among older adults who
attempt or complete suicide is reported to be lower (Henriksson et al. 1995; Har-
wood et al. 2001; Blasco-Fontecilla et al. 2009) than the prevalence rate of PDs
among younger suicide attempters or completers (Henriksson et al. 1995), and the
rate of cluster B PDs is relatively low as well (Abrams and Horowitz 1999, 1996).
Nonetheless, the presence of a PD confers increased risk for suicide attempt and
completion among older adults (Harwood et al. 2001). In psychological autopsy
studies, low openness to experience (Duberstein et al. 2004) and anxious and
obsessional (anankastic) personality accentuation (Harwood et al. 2001) have been
associated with death by suicide in late life. Personality features may alter or
attenuate with age. The lack of agreement regarding the role of PDs in late-life
suicide may indicate heterogeneity: it is possible that both emotionally inflexible
and emotionally labile elderly are at risk. There is also some evidence for an
association between suicide attempts and impulsivity; these data were collected
primarily from self-report measures (McGirr et al. 2008) and are primarily from
young adult groups (Horesh 2001). A study by Wilson and colleagues (Wilson et al.
2007) using the Barratt Impulsiveness Scale reported greater non-planning impul-
siveness in patients with borderline PD than in patients without borderline PD,
independent of Axis I diagnoses. Among people with PDs, more “impulsive”
individuals are not necessarily at higher risk for suicide (Soloff et al. 2005). Some
studies even find lower impulsivity in people who commit the most serious suicidal
acts and demonstrate the greatest degree of 5HT vmPFC abnormalities (Oquendo
et al. 2003; Soloff et al. 2005). Trait impulsivity may decline with age (Stepp and
Pilkonis 2008): studies of late-life attempters report lower impulsivity (McGirr et al.
2008) and higher degrees of premeditation compared to younger suicide attempters.
In summary, personality factors seem to play a smaller role in late-life suicide than
in mid-life suicide, and specific personality profiles that predispose individuals to
suicidal behavior in old age remain poorly understood.

10.4 Treatment and Prevention

10.4.1 Intervention and Prevention

There are a number of both promising and already proven treatment strategies that
focus on reducing depression and suicidal behavior in the elderly (While et al.
2012). Similar to other age groups, evidence supports approaches that focus on high
suicide risk groups, such as the early detection and effective treatment of those with
mental health problems, increased outreach to depressed and homebound older
adults (especially those with a history of suicidal behavior), education of treatment
providers, and restriction of lethal means (Mann et al. 2005; Szanto et al. 2007;
Lapierre et al. 2011). In addition, the elderly in particular would greatly benefit
from resilience training, improved coping mechanisms, and positive aging schemas
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(Szanto et al. 2013). However, research on suicide prevention and treatment in this
age group is limited due to the underrepresentation of elderly in suicide studies. A
systematic review conducted by Lapierre and colleagues observed that, out of 149
publications on suicide prevention or intervention programs, only 19 focused on
older adults (Lapierre et al. 2011). The lack of research in suicide prevention in old
age contrasts sharply with the fact that, in most countries worldwide, elderly people
have the highest suicide rates (World Health Organization) and many suicidal
depressed older adults have difficult-to-treat depression (Szanto et al. 2003).

Five main categories emerged among the programs in Lapierre’s review: primary
care interventions, community-based outreach, telephone counseling, clinical
treatment, and resilience training. Older adults who die by suicide are more likely to
have been seen by primary care providers than by mental health professionals;
therefore, practitioners require training and support in the assessment and man-
agement of suicidal patients. Promising primary care interventions trials include the
PROSPECT (Prevention of Suicide in Primary Care Elderly: Collaborative Trial)
(Bruce et al. 2004) and IMPACT (Improving Mood: Promoting Access to Col-
laborative Treatment) (Unutzer et al. 2002) studies. The PROSPECT study tested
the effectiveness of elderly-focused care management intervention strategies, and
found that the intervention group had a greater reduction in depressive symptoms,
as well as a faster decline in suicidal ideation than the standard control care group
(Bruce et al. 2004). Patients of the IMPACT intervention received access to a
depression care manager who offered treatments including antidepressant man-
agement and psychotherapy. Compared to patients receiving standard care, those
enrolled in IMPACT’s intervention arm had significantly fewer depressive symp-
toms, exhibited less functional impairment, and reported a higher quality of life
(Unutzer et al. 2002). The successes of PROSPECT and IMPACT indicate that
there are more beneficial means of treatment than standard care for elderly patients
afflicted with depressive disorders. However, the effectiveness of these trials was
limited to the improvement of suicidal ideation and both trials were underpowered
to show differences in suicidal behavior in the treatment arms vs. standard care. Of
the clinical treatments, the Lapierre review mentions only the study by Szanto et al.
(2003). This study found that suicidal ideation improved in both the antidepressant
only and in the combined intervention arms (medication plus interpersonal psy-
chotherapy). However, those who had high suicide risk (evidenced by current
suicidal ideation or a history of suicide attempt), or recurrent thoughts of death
(moderate suicide risk), were less likely to respond to treatment and they needed
significantly longer time to remit from depression (median time to response, 6 and 5
vs 3 weeks) than low-suicide risk elders.

Of the community-based outreach programs, Lapierre et al. found that mental-
health workshops run by municipal public health organizations that focused on
strengthening social support showed a decrease in the suicide rate of older women
(Chiu et al. 2003; Oyama et al. 2005). In men, there was no statistically significant
difference at follow-up, suggesting that community-based suicide prevention pro-
grams still are not efficient for older men, who have much higher suicide rates than
older women.
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Telephone counseling, in the form of both a 24-h emergency number and a
twice-weekly support call offered to elderly users, resulted in a significant decrease
in the number of completed suicides among the elderly relative to the region’s
expected suicide rate (De Leo et al. 1995, 2002; Fiske and Arbore 2001; Morrow-
Howell et al. 1998). Participants also reported less severe depression, improved
psychosocial functioning, and required less home visits by GPs. However, like the
community-based programs, these results held only for women.

Two studies of resilience training (Lapierre et al. 2007; Heisel et al. 2009) were
included in the review. Lapierre et al. (2007) focused on increasing the meaning-
fulness of life among the patients, and the Heisel et al. (2009) study provided
interpersonal psychotherapy to improve social functioning skills. Both studies
reported that the experimental group had a decrease in depressive symptoms, and in
the Lapierre study, a significant portion of the participants reported a complete
absence of suicidal ideation by the end of the intervention.

There is lack of studies on substance abuse and suicidal behavior in this age group.
It is unclear whether alcohol and drugs (including prescription opioids) contribute to
an increased risk of suicide in the baby-boomer generation in the US. The underlying
difficulty of developing tailored and personalized treatment options may also be
linked to a lack of treatment access and stigma surrounding mental disorders in
general and suicidality in particular. These factors may explain why a large portion of
the old age population in need of psychiatric interventions does not seek out mental
health facilities. By providing additional settings for suicide assessment that stray
from traditional locations, e.g., integrated clinics for physical and mental diseases,
elderly may be increasingly able to receive treatment. Potential approaches for this
age groupmay also include online resources, which could be especially advantageous
for those adults who are very isolated or frail. These new technologies would offer
baby-boomer generations a more accessible and private means of independent ini-
tiation into a treatment plan.With the development of these online resources, attempts
are being made to provide more effective self-testing, crisis-intervention, safety
planning, and other means of support to those suffering from suicidality (Mishara and
Côté 2013). In summary, long-term programs that integrate preventive interventions
at multiple levels will be the most effective.

10.4.2 Psychotropic Medications and Suicidal Behavior

Although the oldest age groups have the highest suicide rate and the majority of
older suicide attempters and completers suffer from depression (Conwell and Brent
1995; Waern et al. 2003) they have the lowest percentage of antidepressant use
(Abrams et al. 2009) in the US and elsewhere. In addition, there is some indication
that older depressed suicidal adults may benefit the most from adequate antide-
pressant treatment compared to younger adults (Kalmar et al. 2008). The FDA
meta-analyses (Stone et al. 2009) also highlighted the beneficial effects of
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antidepressants in the elderly population and concluded that there is no indication of
antidepressant-related increased suicide risk in older age groups.

In contrast, sedatives and hypnotics should be used with more caution in suicidal
elderly. A case-control study performed by Carlsten and Waern 2009) found a
significant increase in suicide risk among elderly users of sedatives and/or hypn-
otics, and no increase of risk in elderly users of SSRIs. Possible causes of the
increased risk include the triggering of uncharacteristic aggressive behavior,
adverse reactions between the medication and alcohol, and the possibility that the
medication was used as a means to commit suicide. Carlsten and Waern stress that
the increased suicide risk among elderly calls for an evaluation of suicide risk prior
to prescribing hypnotics or sedatives.
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Chapter 11
Early Life Trauma and Suicide

Aaron T.O. Short and Charles B. Nemeroff

Abstract Abuse, neglect, trauma, and other adversities experienced as a child or
young adolescent have repeatedly and conclusively been shown to increase one’s risk
of developing major psychiatric disorders later in life. A growing body of literature
supports the view that child abuse and neglect lead to a multitude of poor health
outcomes including increased rates of post-traumatic stress disorder (PTSD), atten-
tion deficit—hyperactivity disorder, bipolar disorder, schizophrenia, major depres-
sion, as well as other major medical disorders including cardiovascular disease,
diabetes, asthma, and obesity (Felitti et al. 1998; Heim and Nemeroff 2001). Early life
trauma (ELT) is associated with alterations in emotional, behavioral, and cognitive
arenas. There is considerable evidence to support ELT as an independent risk factor
for suicidal ideation and behaviors in adulthood (Gunter et al. 2013; Friestad et al.
2014; Daigle and Cote 2006; Sarchiapone et al. 2009) whereas traumatic exposure in
adulthood does not share a similar magnitude of suicidal risk as compared to child-
hood trauma. Impulsivity is one risk factor for suicidal behaviors, and is associated
with early, prolonged, and severe trauma exposure (Braquehais et al. 2010; Kendall-
Tackett 2002; Roy 2005). Indeed, suicides characterized by impulsivity are more
likely in those with a history of ELT (Zouk et al. 2006). In this chapter, we review
ELT origens, and how these can produce or interact with other risk factors contrib-
uting to suicide.
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11.1 Introduction

The increasing prevalence of suicidal ideation and behaviors in childhood popula-
tions has become recognized as a serious public health concern (Herba et al. 2008;
O’Leary et al. 2006; Gould et al. 1998a). A recent CDC publication reported that
approximately 13 % of child and young adult deaths are attributable to suicide each
year in the United States (2012). It is the second leading cause of death amongst
7–12th grade students in the United States, and fourth amongst ages 1–17 (CDC
WISQARS 2013). The identification of leading risk factors is crucial as awareness of
this phenomenon grows. There is now ample data to support the view that suicidal
behaviors arise from an assortment of factors: psychological, biological, societal, and
cultural (US Department of Health and Human Services 2012). Individual factors
such as ELT, depression, substance use disorder, bipolar disorder, schizophrenia,
PTSD, access to lethal means, anxiety, male gender, age, and barriers to treatment are
all important risk contributors (US Public Health Service 1999). In order to better
understand suicidal behaviors, it is important to define and differentiate these acts.
Recently, there has been increased focus on the incidence of suicide among young
children and adolescents who have been bullied. This emerging area of research is
described in detail below. In this monograph, we focus on recent studies that have
sought to determine the relationship between child abuse and neglect and risk for
suicide. We review the consequences of early life trauma (ELT) on both childhood
and adulthood risk for suicide and its associated psychiatric disorders.

Approximately, one in 12 high-school students report that they have engaged in
suicidal behavior, and one in six reports having seriously considered it (Eaton et al.
2006). Suicidal behavior can encompass passive ideation, planning, and/or
attempting the act. “The world would be better if I weren’t here, I wish that I was
dead,” are examples of passive ideation whereas, “I’m thinking about ways to end
my life” is an example of planning. A suicide attempt includes self-directed harmful
behavior that could result in potential injury or loss of life.

Pre-adolescent suicidal ideation is a risk factor for suicidal behavior later in
adolescence (Jackson and Nuttall 2001; Lewinsohn et al. 1994; Beautrais Beautrais
1999). Data, compiled from 16 states, published on the CDC website illustrate the
most common mechanisms of injury in childhood suicide attempts, namely hang-
ing, suffocation, and firearms, in that order. Approximately 30 % of completed
cases were apparently premeditated. Roughly 35 % were diagnosed with a syndr-
omed psychiatric disorder at the time of death, 26 % were involved in active
treatment, and 21 % had a history of previous suicide attempt (CDC Mental 2013).
In a mixed study of adolescents and young adults, the nonfatal rate of suicidal
behavior was the highest in younger cohorts (Goldsmith et al. 2002). However,
adults have the highest rate of completed suicide. Individuals with a history of
suicidal behaviors are significantly more likely to engage in these behaviors later in
life (Groleger et al. 2003). In Sweden, suicide was reported to be the most common
cause of death for 15–24-year-olds, irrespective of gender (Jiang et al. 2010).
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Gender and race impact the risk of suicidal behaviors. A large CDC surveillance
study, with a median cohort age of 16, reported that suicidal ideation was highest in
girls (19.3 %) compared to boys (12.5 %), with an increased incidence in Hispanics
(16.7 %) followed by whites (15.5 %) and blacks (13.2 %). Girls more commonly
made plans as to how the act might be carried out (15.0 %) relative to boys
(10.8 %), and planning is highest in the Hispanic community (14.3 %), followed by
white (12.1 %) and black (11.1 %). Over the study’s 6-year span, 89 % of com-
pleted suicides were males, 86 % were white, 11 % were black, and 3 % Hispanic.
The majority of completed suicides (82 %) involved the use of firearms (CDC
Surveillance 2012).

Substance use is a strong risk factor for the emergence of suicidal thoughts and
behaviors in American high school students. The risk dramatically increases with
particular illicit drugs and with the total number of substances historically abused. By
engaging nearly 75,000 high school students in a survey, Wong et al. (2013) found
that a lifetime history of substance abuse was a strong independent risk factor asso-
ciated with suicidal behaviors and serious attempts within the previous year. Heroin
was the most closely linked with these risks (OR = 5–23.6), followed by metham-
phetamines (OR = 4.3–13.1), steroids (OR = 3.7–11.8), cocaine, ecstasy, halluci-
nogens, and inhalants (OR = 3.1–10.8). After controlling for socio-demographic
variables, interpersonal violence, symptoms of depression, and eating disorders, the
findings remained significant.

Although the number of substances used had a graded relationship to suicidal
behaviors, it remains unclear whether there is a propensity for those with these
behaviors to abuse substances, or whether the substances themselves promote these
behaviors or a combination of the two. MacDonald et al. (2009) have shown that
early age suicidal ideation is a predictor of later substance dependence, and Friestad
et al. (2014) note that ELT increases the risk of substance abuse as well as suicide
attempts in adulthood.

11.2 Early Life Trauma

There is a strong correlation between ELT and the subsequent development of
psychiatric disorders, inclusive of major depression, generalized anxiety disorder,
panic disorder, bipolar disorder, schizophrenia, and post-traumatic stress disorder
(PTSD) (Heim et al. 2010; Agid et al. 1999; Famularo et al. 1992; Heim and
Nemeroff 2001; Katerndahl et al. 2005; Kendler et al. 1992, 2000, 2004; McCauley
et al. 1997; Molnar et al. 2001; Mullen et al. 1996; Nemeroff and Vale 2005;
Saunders et al. 1992; Stein et al. 1996; Hill et al. 2000). Early life traumatic
experiences are also linked to increased rates of personality disorders, as well as
attachment and eating disorders (Heim et al. 2010; Agid et al. 1999; Famularo et al.
1992; Felitti et al. 1998; Romans et al. 1995; Saunders et al. 1992; Zeanah et al.
2004). Several links between child abuse, neglect, and later substance use have also
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been published (Goldman-Mellor et al. 2013; Briere and Woo 1989; Burnam et al.
1988; Kendler et al. 2000; Wilsnack and Beckman 1984).

Data from the National Center of Child Abuse and Neglect reveal that roughly
one million cases of child maltreatment are confirmed in the United States each
year, from nearly three million reported. Of the confirmed cases, approximately
60 % are due to neglect, 20 % to physical abuse, and 10 % to sexual abuse (Heim
et al. 2010; Children’s Bureau, Administration of Children, Youth, and Families.
U.S. Department of Health and Human Services 2006). It is important to note that
many, if not most, maltreatment cases are never reported.

Self-reported prevalence rates of childhood abuse vary from 25 to 40 % in
structured interviews (McCloskey and Walker 2000; Costello and Angold 2000),
with one group publishing higher rates for men (41 %) compared to women (30 %)
based on phone interviews (Scher et al. 2004). Others found childhood sexual abuse
(before the age of 18) to range from 20 to 25 % in women and 8–9 % in men
(McCauley et al. 1997; Holmes and Slap 1998; Gorey and Leslie 1997). In a cohort
of 16-year-old females with a history of sexual abuse, 28 % also reported a history
of physical abuse (Horowitz et al. 1997). In this group, those with a history of
sexual abuse were at increased risk of having experienced physical abuse as well.

Throughout maturation, we are naturally subjected to increased rates of potential
trauma exposure (PTE); this might, for example, include dog bites, car accidents, or
exposure to violence from within the family or in the community. One group
followed 213 2–4-year-old northeastern US children through development. After
12 months, there were notable increases in PTE experiences, with a greater than
50 % increase in reports throughout the cohort, implying that a substantial number
of children who had not experienced a PTE by the first assessment, were exposed to
ELT within a 12-month period. Girls were more susceptible to developing inter-
nalizing symptoms when affected by the combination of PTEs and stressors. The
risk for externalizing problems was comparable in boys and girls (Grasso et al.
2012). Those with a history of PTE were more vulnerable to behavioral and
emotional dysregulation when faced with nontraumatic stressors later in life.
Repeated stress exposure adversely affects the manner in which one handles later
life stressors, with more PTEs over the course of one’s life increasing the likelihood
of a syndrome psychiatric disorder. This study was limited in that it relied on
parents’ reports in a retrospective fashion.

Concordant with these findings are those of Hammen et al. (2000) who reported
that children with a history of abuse and neglect are at greater risk of developing
exaggerated stressful responses to later life events. Some authors posited a cumu-
lative effect of trauma exposure that increases the rate of mood symptoms (Briggs-
Gowan et al. 2010).
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11.3 Adverse Childhood Experiences

The adverse childhood experience (ACE) scale has been used to evaluate and
monitor the presence of ELT over time. An ACE might include physical, sexual, or
psychological abuse, physical or emotional neglect, exposure to substance use,
divorce, mental illness, criminal behavior, or a battered parent. In the ACE study
funded by the CDC, Dube et al. (2001) demonstrated increased rates of suicide
attempts in adults with a history of ACEs. The cohort was comprised of 17,337
adults followed in the San Diego, 1995–1997. They reported that 3.8 % of those
with a suicide attempt history reported one or more ACEs, compared to 1.1 %
without an ACE history. This data also positively correlated attempted suicide in
childhood and adolescence with the number of ACEs. In those with seven or more
self-reported ACEs, approximately one-third of the subjects reported a suicide
attempt, an OR of 31.1 (Dube et al. 2001).

This correlation was replicated in New Zealand population, which revealed that
participants 16 years of age and younger with a history of sexual trauma exposure
were at an 18-fold increased risk of suicide behavior. Exposure to physical abuse in
childhood resulted in a fourfold increase in adult suicidal behavior (Mullen
et al. 1996). In self-reports, US adolescents with three ACEs had an eightfold
increased risk of developing pre adulthood suicidal behavior, with a threefold risk
persisting throughout adulthood (Dube et al. 2001).

In a community based study of nearly 2,000 women, those with a history of
sexual or physical abuse in childhood had more symptoms of depression, anxiety
and frequent suicide attempts, as well as substance abuse and inpatient psychiatric
hospitalization (McCauley et al. 1997). Isohookana et al. (2013) identified sexual
abuse as an independent risk factor for suicidal behaviors amongst young women.
Those with a history of sexual abuse had twice the risk of suicide attempts. This
connection was confirmed in a Chinese study of 16 and younger females with a
history of sexual victimization; they noted a 2.7-fold increased risk of suicide (Lin
et al. 2011).

A Taiwanese group showed that although young females were 3.5 times more
likely to exhibit self-mutilating behaviors, an additional fourfold risk was observed
when there was also a history of sexual abuse (Tsai et al. 2011). Other forms of
adolescent or childhood trauma, such as sexual abuse, life-threatening accidents/
conditions, or natural disasters similarly increased suicidal behaviors (Isohookana
et al. 2013). Women are clearly more susceptible than men to PTSD, which
increases lifetime suicide risk (Pagura et al. 2010). Breslau et al. (1997) reported
that those females that experienced traumatic events at 15 years of age or younger
were even more vulnerable to developing PTSD compared to older women. In a
New York-based study of 12–18 year-olds with a history of psychiatric inpatient
treatment, one-third reported having practiced self-mutilating behaviors; half
reported at least one previous suicide attempt. In this population, 43 % reported a
history of abuse and 3 % sexual victimization. Each form of abuse significantly
heightened the risk for attempted suicide later in life (Lipschitz et al. 1999).
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Apart from increasing one’s risk for developing psychiatric syndromes, ELT
may also predict longer mood episodes. A 5-year prospective study assessing
anxiety and depression which controlled for trauma history found that those with a
positive history of ELT were less likely to remit from symptoms (Zlotnick et al.
1997). In another study of 235 patients, Zlotnick et al. (2001) found that those with
history of anxiety and/or depression with comorbid ELT were found to exhibit
symptomatology for extended intervals.

In a longitudinal follow-up of 676 children, Widom et al. (2007) reported that
those with a history of physical abuse or multiple types of abuse were at increased
risk of developing depression (OR = 1.59 and 1.75, respectively). Heim et al.
(2010) affirmed that ELT victims showed a trend toward early onset of major
depression, adding that increased severity, frequency, and duration of abuse result
in an increased risk for psychological sequelae. In a primary care-based cross-
sectional study, McQuaid et al. (2001) found that ELT was positively associated
with a greater lifelong risk of developing major depressive disorder. These asso-
ciations have also been consistent in other population-based studies (Tanskanen
et al. 2004).

Dube et al. (2003) investigated various consequences of childhood abuse. As the
number of ACEs increased, a 30 % increase in depressed affect, a 50–75 %
increased rate of suicide attempts, 20–30 % increased likelihood of contracting a
sexually-transmitted disease, 20–30 % increased risk for smoking, and 40–50 %
increased risk for self-reported alcoholism (Dube et al. 2003). A recent study (Etain
et al. 2013) demonstrated a marked effect of ELT on the course of bipolar disorder
including an earlier age of onset, more depressive episodes and increased suicide
attempts.

11.4 Bullying

Bullying in youth is a problem of international concern (Carney andMerrell 2001). It
is pervasive and well documented throughout several Western societies (Nansel et al.
2004; Karatzias et al. 2002; Kaltiala-Heino et al. 2000; Forero et al. 1999; Wolke
et al. 2001), and across continents. A person is bullied when he or she is repeatedly
exposed to negative actions on the part of one or more persons (Olweus 1991).
Despite the setting, bullying can be classified into four major categories: direct/
physical (violence, robbery), direct/verbal (taunting, intimidation), indirect/relational
(ostracization, deprecation), and cyberbullying. Rivers and Noret (2010) add
bystanders as a separate classification. The pervasiveness of bullying is increasingly
recognized as a public health hazard of considerable magnitude. Peer relationships
have been identified as a predictor of psychopathology for at risk adolescents
(Bearman and Moody 2004). Kim et al. (2005) described how the effects of this
relationship appear to be independent of race, culture, or varying settings. Both bully
and victim experience emotional challenges, poorer social relationships, and report
poorer subjective health. Childhood bullying has long-lasting effects that may persist
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throughout adolescence (Bond et al. 2001; Kumpulainen and Rasanen 2000) and
even into adulthood (Nansel et al. 2004; Olweus 1992, 1994).

Prevalence rates range from region to region with one recent UK self-report
investigation revealing a 25 % rate (Radford et al. 2011), and another group finding
that 8 % of children were victimized over the course of 1 month and 18 % in their
lifetime (Hinduja and Patchin 2009). A 2007 publication revealed that 28 % of
students in the 12–18 age group were bullied over a 6-month course, 25 % were
bullied once or twice a month, 11 % twice a week, and 8 % reported daily vic-
timization (Dinkes et al. 2007). In a cohort of 4th through 12 grade US students,
slightly less than half reported abstaining from bullying practices, and/or having not
been a victim of bullying over the past school year; 15 % reported having been
frequently or severely antagonized by their peers (Hoover and Olsen 2001).

Bullying is pervasive and is not exclusively related to societal values but rather
associated with adolescent development (Smith et al. 1999). In one study of 113,000
11–15-year-olds students from 25 countries, reports of bullying behaviors ranged
from 9 to 54 %. Although the prevalence varies across the globe, there is remarkable
consistency in the long-term consequences (Nansel et al. 2004). Bully and victim-
ization practices are related to poor family functioning and inter-parental violence or
maltreatment (Rigby et al. 1997; Baldry 2003; Shields and Cicchetti 2001).

Bullies have been known to have higher likelihoods for developing depression,
engaging in antisocial behaviors, and having legal problems later in life (Salmon
et al. 1996; Olweus 1994). In self-report studies, being bullied and fighting with
peers are associated with an increased risk of suicidal ideation (Kim et al. 2005;
Klomek et al. 2007). Moreover, being a victim and bullying coupled with a pre-
existent mental health diagnosis further increases the risk of suicidal behavior.
Clearly, school bullying should no longer be considered a “normal” process where
“kids are just being kids.”

Investigations into bullying practices can be traced back to the 1960s and have
been associated with links to adverse physical health, behavioral, psychotic,
depressive, emotional, as well as academically detrimental outcomes. The most
commonly noted methods used to assess childhood bullying behavior are through
self-reporting (Klomek et al. 2007), parent reporting (Arseneault et al. 2006), peer
reporting (Kim et al. 2006), teacher reporting (Olweus 1993), or a combination of
the above (Kumpulainen and Rasanen 2000). Bullying truly became the forefront of
public attention in 1982 following three separate suicides in Norway, where all
three of the victims left suicide notes alluding to the fact that they had been
“whipping boys” (Stassen 2007; Olweus 1993).

As noted above, bullies and victims report greater health problems, difficulties
adjusting emotionally at school, and even a higher likelihood of weapon carrying.
Victims are more likely to relate difficulties in relating to peers while there is a
strong probability for bullies to abuse alcohol (Nansel et al. 2004). It is important to
note that because not all children who are involved in bullying behaviors harm
themselves or have suicidal behavior, identifying at risk children and adolescents
who are most endangered should be a major public health goal. Historically, this
has largely focused on identifying victims of bullying, with bullies overlooked.
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Although earlier studies suggested that bullies reported higher self-esteem
(Salmivalli et al. 1999; Rigby and Slee 1991), or no significant difference in self-
esteem in comparison to peers (Seals and Young 2003), more recent data suggest
that bullies also exhibit an increased risk for suicidal behaviors. Middle school self-
reported studies show that those who were exposed to bullying practices, or were
bullies themselves, had significantly lower self-worth relative to peers (Patchin and
Hinduja 2010; Jankauskiene et al. 2008; Frisen et al., 2007; Yang et al. 2006). Both
bullies and victims of bullies are at higher risk of exhibiting suicidal behaviors.
There is growing support that the mixed bully victim group, those who are both
bullies and victims, is the most vulnerable for development of depression later in
life (Klomek et al. 2007).

11.5 Cyber Bullying

Bullying is not only limited to the schoolyard or playground. Patchin and Hinduja
(2006) point out that cyberbullying is a relatively new concept, and as such, there is
confusion as to its characterization. There is agreement that cyber bullying can
result in severe distress for the victim (Ybarra et al. 2006) and might be better
defined as a deliberate act or behavior carried out repeatedly over time. This
assumes that the target experiences real and disruptive pain, which is associated
with emotional, psychological, or relational problems with peers. By definition,
cyber bullying must be performed by use of an electronic device. Common
examples include text messages, malicious messages posted on social networking
sites, or defaming photos or videos uploaded on the Internet without the consent of
the victim (Patchin and Hinduja 2010).

Cyberbullying extends to the home, “following” the victim beyond the tradi-
tional locale of school, outside the observation of teachers (Patchin and Hinduja
2006). It is increasingly difficult for the victim to escape the reaches of the bully’s
exploits (Slonje and Smith 2008). It is suggested that it is easier for the bully to
attack his/her victims in cyberspace, because there are a lack of physical and or
social cues that would prevent him/her from otherwise relenting (Dehue et al.
2008). Cyberbullies are not always aware of the nonverbal/expressive reactions of
their victims, and may be more assaultive in the absence of these signs.

Suzuki et al. (2012) maintain that there are seven different types of cyberbul-
lying. The first three types are conducted via mobile phones.

1. Mobile phone call bullying (e.g., abusive or silent call)
2. Text message bullying (via abusive text message)
3. Picture/video clip bullying (includes taking a picture or clip of someone else to

use it in an abusive manner, e.g., sending it to others or uploading it onto a
website to embarrass a target)
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The other four types of cyberbullying are conducted via the Internet.

4. Email bullying (sending or receiving abusive emails)
5. Chat room bullying (being abusive or being abused in chat room features)
6. Bullying through instant messaging (e.g., a bully can interact with online

communities to see whether a target is logged on and proceed to send vicious
instant messages)

7. Bullying via websites (e.g., create a website that is abusive toward a specific
person)

As the frequency of Internet use rises, so does the risk of cyberbullying (Ybarra
et al. 2006; Li 2008). Instant messaging is the most common method of cyber-
bullying in the United States (Raskauskas and Stoltz 2007; Kowalski and Limber
2007; Ybarra and Mitchell 2007), and United Kingdom (Smith et al. 2008; Dehue
et al. 2008). Email attacks are more common in other regions (Slonje and Smith
2008). In terms of age groups, 13–14-year-olds have been reported to be at the
highest risk for experiencing cyber-attacks (Kowalski and Limber 2007; Ybarra
et al. 2006), though other studies failed to yield similar results, with little difference
in age of cyber victims (Patchin and Hinduja 2006; Smith et al. 2008; Beran and Li
2007).

In order to assess the prevalence of bullying, data were collected from 3,767
students in six middle schools in the United States. Eleven percent of students
reported they had been cyberbullied within 2 months, 4.1 % claimed to be cyber
bully antagonizers, and 6.8 % said they assumed both role of victim and bully
(Kowalski and Limber 2007). Another investigation revealed that 10 % of middle
school students had been cyber bullied over the course of 1 month and closer to
20 % had been cyber bullied over the course of their life. In a review of sur-
veys distributed to 13–18-year-old students in the USA, 49 % reported they had
been a cyber-victim and 21 % served as a cyber-bully over the past school year
(Raskauskas and Stoltz 2007).

Victims in the cyber world are more likely to exhibit the role of victim in the real
world, suggesting that a victim’s status remains consistent in the real world and
online. Cyber victims are also likely to act as cyber bullies (Ybarra et al. 2006; Li
2008; Patchin and Hinduja 2006, Hinduja and Patchin 2008; Sourander et al. 2010;
Schultze-Krumbholz and Scheithauer 2009; Raskauskas and Stoltz 2007). Increased
severity and frequency of bullying has been linked with a heightened risk of self-
harm. There is evidence that bully victims are at an increased risk for suicidal
behaviors and adverse long-term mental-health sequelae (Kim et al. 2009; Klomek
et al. 2011). Patterns of self-harm not only persist into adulthood but that these
behaviors engender mental health problems later in life (Skegg 2005; Fergusson
et al. 2005; Harrington et al. 2006; Steinhausen et al. 2006).

Klomek et al. (2009) reported that girls have a greater likelihood of suicide
attempts/completions, which is correlated with the severity and frequency of vic-
timization experienced (Klomek et al. 2009). These findings were not confirmed in
boys. In a NY State High School self-report study where 9 % of the children
reported being victimized frequently and 13 % bullied others frequently, there was a
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strong correlation (OR = 3.6–4.5) between being bullied/bullying others and suicide
attempts across both sexes. Recurrent victimization or bullying was related to high
risks of depression, suicidal ideation and attempts compared to peers.

A Swedish study that sought influences of self-mutilation, suicide attempts, and
bullying behaviors found that after adjusting for age, family factors, school factors,
and psychiatric history, there was an increased risk of suicide attempts in girls but
not boys, who were victims of bullying (OR = 2.07) or assumed the role of bully
(3.27). Although girls were less commonly bullied, the consequences were more
severe in terms of long-term sequelae. The boys were less likely to report bullying
behaviors, however the lack of response might partly be explained by a smaller
representation within the sample (208 males: 300 females). This study was limited
by a small sample size and was exclusively comprised of adolescents in an inpatient
psychiatric setting (Luukkonen et al. 2009).

Several investigators have suggested that bully victims have a tendency toward
heightened emotional arousal/dysregulation, poor impulse control (Sterzer et al.
2005; Woods and White 2005; Arseneault et al. 2006; Wolke et al. 2001) and are
more ready to engage in verbal and physical aggression (Kumpulainen and Rasanen
2000; Kim et al. 2006; Sourander et al. 2007). Bully victims also suffer from low
self-worth, impaired social acceptance, and poor academic standing (Kumpulainen
et al. 1998; Austin and Joseph 1996; Woods and White 2005).

In order to assess the enduring effects of early life bullying/victimization, pre-
vious studies have followed the cohort for a few months or at most a few years into
adolescence, without assessing the long-lasting effects into adulthood. In a recent
population-based study, Copeland et al. (2013) assessed 1,420 participants, aged
9–16-year-olds from North Carolina, to predict whether childhood bullying would
lead to psychiatric problems and suicidality in adulthood. This investigation
accounted for pre-existing psychiatric comorbidities as well as family hardships,
where four different types of family hardships were evaluated, inclusive of low
socioeconomic status, unstable family structure, family dysfunction, and maltreat-
ment at home. Their data support a direct, pleiotropic, and long-lasting effect for
victims, bullies, and bully victims, alike. Specifically, victims of childhood bullying
were more susceptible to the development of anxiety disorders (agoraphobia,
generalized anxiety disorder, and panic disorder) in adulthood, bully victims have
an increased risk of adult depression as well as panic disorder and agoraphobia, and
pure-bullies exhibited an increased risk for antisocial personality disorder in
adulthood. Of note, only female bully victims exhibit an increased risk of agora-
phobia, while male counterparts were at increased risk for suicidality.

11.6 Developmental Cognitive Considerations

Trauma experienced by the developing brain has repeatedly been shown to have
persistent and widespread neurobiological consequences contributing to lasting
cognitive effects. Home, family environments, and ELT have strong influences on
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cognitive, emotional, social, and physiological functioning later in life (Gould et al.
2012; DeBellis et al. 1999a, b; Perry and Pollard 1998; Baram et al. 2012).
Childhood trauma (abusive, physical, sexual, or emotional) surely predisposes to
borderline personality disorder later in life (Herman et al. 1989; Zanarini and
Frankenburg 1997). One investigation notably observed that those with a history of
sexual abuse exhibited a fourfold increased risk of borderline personality in
adulthood (Zelkowitz et al. 2001).

An 18-year prospective study (Noll et al. 2010) followed 84 women with a
history of sexual abuse and 108 controls. A history of sexual abuse was negatively
associated with acquired receptive language proficiency, as well as lower baseline
levels of intellectual functioning. Notably, this difference was largely apparent by
mid-adolescence, was associated with depression, anxiety, dissociative tendencies,
behavioral problems, and negative affect (Trickett et al. 1994). Those with a history
of sexual abuse had lower rates of high-school graduation and other higher edu-
cational attainments. It remains unclear as to the direct cause and effect of historical
abuse and subsequent cognitive deficits, though we do know that these events can
disrupt critical neuropsychological development during childhood (Watts-English
et al. 2006). Family dysfunction, low parental education, and economic disadvan-
tages could all possibly add to these deficits; further studies are necessary to gain a
better understanding (Noll et al. 2010).

Brown et al. (1986) identified the lengthy separation of a child from his mother,
inclusive of death before a child’s 11th birthday, as a risk factor for depression later
in life. Hill et al. (2000) showed that low maternal care and a history of early-life
sexual abuse are independent contributors to the risk of developing a depressive
disorder in adulthood. Agid et al. (1999) compared the loss of a parent figure, before
the age of 17, in controls and those with mental illness. There is a significantly higher
likelihood of developing adulthood depression later in life in the parent-loss group
(OR = 3.8, p: 0.001), whereas early separation (before 9-year-olds) predicates a
stronger risk (OR = 11, p: 0.03) as compared to later separation. Early loss of
a parent has been correlated with increased rates of bipolar disorder, and the loss of a
sibling has been associated with increased susceptibility for depression in adulthood
(Brent et al. 1993).

11.7 Neurobiological Alterations

Maltreatment in childhood has been linked with increased catecholamine and cortisol
activity, suggesting a dysregulation of the neuroendocrine system (Carrion et al.
2002; DeBellis et al. 1994). As levels of glucocorticoids (cortisol) rise and act on the
hippocampus and amygdala, memory, and learning are impaired (Lupien et al. 1998).
Some authors postulate that early trauma results in an accelerated loss of neurons
(Sapolsky et al. 2000), delay or slowing of myelin formation (Dunlop et al. 1997),
impairments of neuronal pruning associated with normal development (Todd 1992),
inhibition of neurogenesis (Gould et al. 1998a, b), and even inhibitions of brain
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growth factors (Smith et al. 1995). Magnetic resonance imaging investigations
have demonstrated that women with a history of severe sexual abuse have reduced
intracranial and cerebral volumes as well as decreased hippocampal volumes com-
pared to individuals without a shared history of abuse (Heim et al. 2013; Stein et al.
1997; DeBellis et al. 1999a, b; Fleglar et al. 2011).

Several studies revealed a relationship between ELT and the subsequent cascade
of neurobiological and inflammatory changes in the central nervous system that
persist throughout adulthood (Neigh et al. 2009; Gould et al. 2012; Goldman-
Mellor et al. 2013, O’Donovan et al. 2013). Elevated levels of inflammation have
been associated with the pathophysiology of suicidality (Lindqvist et al. 2009), with
specific elevations of interleukin-2 (IL-2) having been observed in depressed,
nonsuicidal individuals, with increased levels of interleukin-6 (IL-6) in those with
suicidal behaviors and depressive symptoms (Janlidze et al. 2011; Kim et al. 2008).
Moreover, increased inflammatory markers, including C-reactive protein (CRP) and
tumor necrosis factor (TNF) are observed in individuals with depressive pathology
(Currier and Nemeroff 2010) as well as in those with a history of ELT exposure
(Nemeroff and Seligman 2013; Danese et al. 2007; Pace et al. 2006).

It is clear that child abuse and neglect, including bullying, is a significant con-
tributor to an increased risk for several major psychiatric disorders, suicide attempts
as well as completed suicide. The precise neurobiological consequences of ELT are
becoming more evident. Because victims of child abuse represent a clear at risk
group, preventative measures should be developed in this population. Additional
suicide prevention efforts in coordination with long-term surveillance are needed.
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Chapter 12
Experimental Pharmacologic Approaches
for the Reduction of Suicidal Ideation
and Behavior

Elizabeth D. Ballard, Erica M. Richards, Dawn F. Ionescu,
Mark J. Niciu, Jennifer Vande Voort and Carlos A. Zarate Jr

Abstract Treatment of the suicidal patient is limited by existing antidepressant
medications, which can take weeks for an adequate response. New treatment
approaches associated with rapid reduction of acute suicide risk are greatly needed.
Experimental therapeutics—including intravenous ketamine and scopolamine—
have rapid, robust, and relatively sustained reductions in suicidal thoughts within
minutes to hours of administration. These findings have the potential to transform
emergent treatment of the acutely suicidal patient and implicate the glutamatergic
and muscarinic system in the development of suicidal thoughts and behaviors.
Other putative targets for antisuicidal intervention include the thyroid and puri-
nergic system, the latter involving the impulsive/aggressive suicide endophenotype.
Benefits of research involving rapid-acting therapeutics include smaller sample
sizes, short length of clinical trials, and assured compliance with study interven-
tions. This approach also permits the evaluation of possible biomarkers of response
and relapse to be incorporated into clinical trial design to more rapidly identify
neurobiological correlates of suicide risk.

Each year, an estimated 1,000,000 individuals worldwide, and 30,000 in America
alone, die by suicide (Centers for Disease Control and Prevention 2013). Clinically,
over 420,000 individuals seek treatment for suicidal thoughts or behavior in U.S.
emergency departments each year (Ting et al. 2012). Consequently, suicidal idea-
tion is a common presentation in psychiatric practice with potentially fatal conse-
quences; 50 % of psychiatrists have had a patient die by suicide (Ruskin et al.
2004). Unfortunately, few psychopharmacologic approaches have been consistently
associated with a reduction in suicidal behavior (Mathews et al. 2013) and only one
psychiatric medication, clozapine, has Food and Drug Administration (FDA)
approval for suicidal behavior in patients with schizophrenia. Existing antidepres-
sant mediations, which also may be used to treat depressed suicidal individuals, can
take weeks to take effect. This delay in improvement of suicidal ideation places
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individuals at risk for suicidal behavior (Jick et al. 2004). Therefore, in addition to
the FDA approved psychopharmacologic medications, there is a great need for new
approaches that are associated with rapid reduction of acute suicide risk.

12.1 Obstacles to Suicide Research

There are a number of obstacles to suicide research, which can become even more
intransigent in the development and evaluation of novel compounds. First, death by
suicide is a low base rate phenomenon even among patients with major psychiatric
disorders like major depressive disorder, bipolar disorder, and schizophrenia. Since
extremely large sample sizes would be required to detect changes in death by
suicide, most clinical trials use suicide ideation or attempts as primary outcomes.
Patients who contemplate and attempt suicide—but live—may be clinically dif-
ferent from those individuals who die by suicide (DeJong et al. 2010), which creates
a significant limitation in suicide research and again attests to the need for large
sample sizes. Second, the timing of a clinical trial in relation to the suicidal thoughts
or behavior can be problematic, as attempts may be impulsive with little contem-
plation beforehand. By the time a researcher is able to identify, contact, and fully
consent a participant, the “suicidal crisis” may be over or already treated in an
emergency setting. Lastly, ethical concerns inherent in clinical treatment research
with suicidal individuals are numerous, including the capacity to consent while a
patient is suicidal, the potential to do harm if treatment is withheld in a placebo-
controlled study, safety monitoring throughout the trial (including emergency
coverage) and criteria for study withdrawal (Pearson et al. 2001). As a result, most
of the neurobiological literature on suicide risk is conducted with participants who
have attempted suicide in their lifetime and rarely proximal to the event itself.
Nonetheless, considering the impact of suicidal behavior on patients, clinicians and
communities, clinical trials with patients at acute risk are essential. The following
chapter details potential neurobiological targets in suicidal patients and describes
new progress in experimental therapeutics with the hope that faster, more effica-
cious interventions can be developed.

12.2 A New Research Model to Develop and Evaluate
Rapid-Acting Treatments for Depression and Suicidal
Ideation

The evaluation of treatments for suicidal patients and identification of biomarkers of
treatment response have been limited by existing pharmacologic interventions.
Treatment response may take weeks-to-months with standard antidepressants,
which is inadequate for the urgent need to treat suicidal thoughts and behavior
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immediately in emergency settings. Furthermore, to detect a treatment effect on
suicidal behaviors, follow-up observation would need to last well beyond the
duration of most clinical trials in order to capture sufficient events. Consequently,
ascertaining treatment effects and potential response biomarkers for conventional
antidepressants (often cited as the primary treatments for suicidal behavior) is
lengthy, costly, and requires many participants. In contrast, new experimental
therapeutics—including intravenous infusions with ketamine and scopolamine—
have rapid, robust, and relatively sustained antidepressant effects in major
depression (Zarate et al. 2012, 2013b; Murrough et al. 2013). The benefits of this
research model or paradigm include smaller sample sizes, decreased costs from
longer trials, and assured compliance unlike with daily oral medications, which
addresses some of the ethical obstacles to research with suicidal individuals. Fur-
thermore, this paradigm allows evaluation of possible biomarkers of response and
relapse to be incorporated into clinical trial design. Specifically, exploratory bio-
markers of treatment response, such as neuroimaging, peripheral blood markers,
genomics, and proteomics can be assessed before, during and after the adminis-
tration of the experimental compound; the post-administration evaluation then
occurs on a time scale of hours-to-days instead of weeks-to-months. Treatment
response biomarkers may then be validated in larger trials and, in an iterative
process, lead to enrichment strategies for future drug screening and development
(for a full discussion of this process, please see Zarate et al. (2013a); Niciu (2014)).

Within this paradigm, the treatment of the suicidal patient warrants specific
consideration, as the primary outcome of interest shifts away from suicidal behavior
to suicidal thoughts. If an intravenous antidepressant compound has effects within
an hour, it is improbable to see an observable effect on suicidal behavior(s) in a
highly supervised research setting. In other words, since suicide attempts are rel-
atively rare, it is not possible to demonstrate a short-term impact on suicidal
behavior in the research environment. Further, while suicidal ideation is associated
with later suicide attempt and death (Baca-Garcia et al. 2011), it is not an appro-
priate proxy for suicidal behavior, due to the clinical differences between ideators
and attempters (DeJong et al. 2010; Smith et al. 2010; Borges et al. 2010). Instead,
in evaluating rapid-acting antidepressants, trajectories of suicidal ideation are
assessed using such measures as the Scale for Suicidal Ideation (SSI) (Beck et al.
1979), Montgomery-Asberg Depression Rating Scale (MADRS) (Montgomery and
Asberg 1979), and Columbia-Suicide Severity Rating Scale (C-SSRS) (Posner et al.
2011) which are sensitive to change over short periods of time. While individuals
who contemplate suicide may differ from those who attempt (DeJong et al. 2010), a
robust antisuicidal effect of rapid-acting antidepressants on these standardized
measures entails fewer participants and/or more rapid throughput in a controlled
(typically inpatient) milieu. Such a research model may minimize risk associated
with participation with experimental trials, including less time off of mediations or
traditional clinical treatment and closer observation during the experimental phase.
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12.3 Potential Targets for Suicidal Behavior

Putative targets in the development of pharmacologic approaches to the treatment of
suicidal thoughts and behavior are displayed in Fig. 12.1. There are several other in-
depth analyses of the neurobiology of suicide (Ernst et al. 2009; Mann and Currier
2010), including a recent review from our group (Mathews et al. 2013). The most
researched potential targets include: (1) the serotonergic system as lower seroto-
nergic functioning and lower 5-hydroxyindoleacetic acid (HIAAA) levels have
been found in the cerebrospinal fluid (CSF) of individuals who die by suicide
(Asberg et al. 1976; Nordstrom et al. 1994; Mann et al. 1995); (2) the hypotha-
lamic-pituitary-adrenal (HPA) axis, which may be affected by epigenetic influences
related to early life stress (Turecki et al. 2012) and; (3) other hormonal systems,
including low cholesterol and high testosterone, which are associated with
increased suicide attempts (Kunugi et al. 1997; Sher 2012).

While historically understudied in the suicide research literature, the glutama-
tergic system has received great attention in the past two decades in the etiology,
pathogenesis, pathophysiology, and treatment of major mood disorders (Sanacora
et al. 2008; Zarate et al. 2006). In the large real-world major depressive disorder
effectiveness trial, Sequenced Treatment Alternatives to Relieve Depression
(STAR*D), treatment-emergent suicidal ideation, was associated with single
nucleotide polymorphisms for GRIA3 and GRIK2, whose genes encode ionotropic
glutamate receptors (Laje et al. 2007). Similar associations were found in the
Munich Antidepressant Response Signature (MARS) trial (Menke et al. 2008).
Alterations in N-methyl-D-aspartate (NMDA) receptor function have also been
found in individuals who died by suicide (Nowak et al. 1995). Such findings have
led to the investigation of glutamate-based compounds such as ketamine in the
treatment of depression and suicidal ideation. Table 12.1 depicts clinical com-
pounds implicated in the treatment of suicidal thoughts and behaviors.

12.3.1 Endophenotypes of Suicidal Behavior

Due to the heterogeneity in molecular pathways and clinical presentations associ-
ated with suicide, an endophenotypic approach may be beneficial for identifying
treatment targets. An endophenotype represents an intermediary step from genes-to-
clinical phenotype, which can simplify intermediate players in multifactorial dis-
orders and identify mediators/moderators underpinning complex clinical presenta-
tions (Gottesman and Gould 2003). Several proposed suicide-salient
endophenotypes, using criteria set forward by Gottesman and Gould (2003), include
impulsive and aggressive traits, early onset of major depression, neurocognitive
dysfunction (including executive functioning and impaired decision-making), and
cortisol response to psychosocial stress (Mann et al. 2009; Courtet et al. 2011).
Other proposed candidate endophenotypes for suicidal behavior with relatively less
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research evidence are dysfunctional serotonergic neurotransmission, second-mes-
senger systems aberrations, and traits consistent with borderline personality disor-
der, including affective dysregulation and difficulties in interpersonal relationships.
Each of these constructs could be used to identify treatment targets for experimental
therapeutics for suicidal behavior, with allopurinol as a case example discussed in
the following section.

12.3.2 Purinergic System and Allopurinol

The purinergic system has been implicated in the impulsive and aggressive
behavior associated with mania (Machado-Vieira 2012) and has therefore been
targeted in drug development. Purinergic metabolism is involved in the regulation
of neurotransmitters (ATP and adenosine) and affects sleep, motor activity, appetite,
cognition, and social interaction (Machado-Vieira 2012). An adenosine antagonist,
caffeine is also a GABA receptor antagonist and phosphodiesterase inhibitor;
excessive consumption is associated with irritability, anxiety, tachycardia, and
increased blood pressure (presumably via its effects on GABA). In contrast,
increased caffeine consumption has been linked with a lower risk of death by
suicide (Lucas et al. 2014). The end product of purinergic metabolism is uric acid,
which has been positively associated with increased drive/motivation, disinhibition,
hyperthymia, and irritable temperament (Lorenzi et al. 2010). As a syndrome
model, Lesch-Nyhan Disease is a congenital disorder associated with the over-
production of uric acid associated with increased de novo purine synthesis and
deficient salvage of purine bases. Among the characteristics associated with this
disorder is intense self-injurious behavior, including self-biting and self-hitting
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Fig. 12.1 Putative targets in the neurobiology of suicide. Adapted from:(Mathews et al. 2013).
BDNF brain-derived neurotrophic factor; CREB cyclic AMP-response element binding protein;
GABA gamma-aminobutyric acid; HPA hypothalamic-pituitary-adrenal; PLC Phospholipase C;
PKC Protein Kinase C; PKA Protein Kinase A; Trk tyrosine kinase receptor
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(Torres et al. 2012). Therefore, the purinergic system may be a potential target for
suicidal/self-injurious behaviors and a model for the study of impulsivity.

Allopurinol is a xanthine oxidase inhibitor, which decreases production of uric
acid, superoxide, and hydrogen peroxide and is widely used as a treatment for gout.
Because of its role in the purinergic system, it has been proposed as a possible
treatment for acute mania. In a randomized placebo-controlled trial of 180 bipolar I
patients in a current manic episode, adjunctive allopurinol to lithium was associated
with greater Young Mania Rating Scale (YMRS) (Young et al. 1978) score
reductions when compared to adjunctive dipyridamole, another agent that regulates
purine metabolism, plus lithium, or lithium plus placebo (Machado-Vieira et al.
2008). Similar results were found in a randomized clinical trial of lithium,

Table 12.1 Psychiatric Medications with AntiSuicidal Evidence

Drug Target Findings

Clozapine Dopamine receptors (D1-4), serotonin
receptors (1A, 2A, 2C), adrenergic
receptors, histamine (H1) receptors,
muscarinic (M2) receptors

Anti-aggressive effects, antipsychotic
and mood stabilizing effects, close
clinical monitoring (Hennen and
Baldessarini 2005; Frogley et al. 2012)

FDA approved for suicidal behavior in
patients with schizophrenia

Lithium cAMP mediated signal transduction;
CREB activation; BDNF; PI cascade;
PKC inhibition; GSK-3 inhibition;
Bcl-2 expression

Mood stabilizing and anti-depressant
effects; thought to also target
impulsivity and aggression (oral
formulation) (Quiroz et al. 2010;
McCarthy et al. 2010)

Ketamine NMDA receptor antagonist; mTOR
activation; eEF2 de-suppression;
BDNF production/release; Arc;
GSK-3 inhibition

Rapid antidepressant and antisuicidal
effects (0.1–0.5 mg/kg IV) (Kavalali
2012)

TRH HPT axis Rapid antidepressant effect (IV) and
antisuicidal effects (IT) (Callahan et al.
1997; Bonnin et al. 2010)

Scopolamine Muscarinic receptor antagonist;
NMDA receptor expression; mTOR
activation

Rapid antidepressant effects (IV);
decreased suicidal ideation (Furey and
Drevets 2006; Drevets and Furey
2010)

Allopurinol Xanthine oxidase inhibitor: decreased
purines and free radicals

Efficacy in bipolar mania; may reduce
impulsivity associated with suicidal
behavior (Machado-Vieira et al. 2002;
Sperlagh et al. 2012)

Adapted from: (Mathews et al. 2013)
Arc activity-regulated cytoskeletal associated protein; Bcl-2 B-cell lymphoma 2; BDNF brain-
derived neurotrophic factor; cAMP cyclic adenosine monophosphate; CREB cAMP response
element binding protein; eEF eukaryotic elongation factor; GSK-3 glycogen synthase kinase 3;
HPT hypothalamic-pituitary-thyroid; IV intravenous; IT intrathecal; mTOR mammalian target of
rapamycin; NMDA N-methyl-D-aspartate; PI phosphatidylinositide; PKC protein kinase C; TRH
thyrotropin releasing hormone
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haloperidol, and allopurinol compared to lithium, haloperidol, and placebo
(Akhondzadeh et al. 2006). While the relationship of allopurinol to suicidal
behavior has yet to be evaluated, it has a theoretical therapeutic role for patients
with high impulsivity and aggression.

12.3.3 Ketamine

The recent interest in glutamatergic pathways in depression has been led by
promising results with subanesthetic doses of the non-competitive N-methyl-D-
aspartate receptor antagonist ketamine. Originally used clinically as a dissociative
anesthetic and analgesic, recent research on ketamine’s rapid and potent antide-
pressant properties has opened promising avenues for future development of
treatments for acutely suicidal patients (Zarate et al. 2006, 2013b; Murrough et al.
2013). After initial reports as an antidepressant, an open-label single subanesthetic
infusion of ketamine (0.5 mg/kg given intravenously over 40 min) in 33 major
depressive disorder (MDD) patients decreased suicidal ideation (as assessed by the
decreased mean SSI) immediately following infusion, which continued over the
next 4 h. Suicide items from the MADRS, Hamilton Depression Rating Scale
(HDRS) (Hamilton 1960), and Beck Depression Inventory (BDI) (Beck and Bea-
mesderfer 1974), as well as indicators of anxiety and hopelessness also significantly
decreased over the same time period (DiazGranados et al. 2010). Analogous
reductions in suicidal ideation were further demonstrated in a double-blind, pla-
cebo-controlled study of the glutamatergic modulator riluzole or placebo following
a single open-label ketamine infusion in treatment-resistant unipolar depression
(Ibrahim et al. 2012). Similarly, in a double-blind, randomized, crossover study of
15 participants with bipolar I or II depression, suicidal ideation (assessed by the
MADRS) significantly improved within 40 min after a single infusion of ketamine
(Zarate et al. 2006). A comparable decrease in suicidal ideation was demonstrated
24 h after ketamine infusion in 25 participants with treatment-resistant depression
(Price et al. 2009), a finding which has been replicated in a trial of ketamine
compared to midazolam (Price et al. 2014). A subset of the participants (n = 9)
received multiple infusions over 12 days, and the antisuicidal effects were main-
tained. Similar results have been found in a study involving patients in India with
treatment-resistant depression (Thakurta et al. 2012). When collapsing across
multiple ketamine clinical trials, the effect of ketamine on suicidal ideation is
independent of its effect on depression and anxiety (Ballard et al. In Press).

Several case reports and naturalistic studies have also hinted how ketamine could
be used with suicidal patients in clinical practice. In a naturalistic study, 14
depressed patients in the emergency department with active suicidal ideation
received low-dose ketamine (0.2 mg/kg intravenous push) and were followed for up
to 10 days (Larkin and Beautrais 2011). Improvements in suicidal ideation were
demonstrated over the 10 days of follow-up. A case report in an urgent outpatient
psychiatric clinic described the use of ketamine in a patient with depression and
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suicidal ideation, intent, and plan (Zigman and Blier 2013). The patient was offered
the option of ketamine or psychiatric hospitalization/electroconvulsive therapy
(ECT). After opting for ketamine, suicidal ideation resolved within 30 min and
improvements in depressive symptoms were maintained at 8 days post-infusion.
Suicidal thoughts had not returned after a month post-infusion. Lastly, in a letter to
the editor, a palliative care team advocated the clinical use of ketamine for termi-
nally ill patients with suicidal ideation, depression, and anxiety, reporting a 20 year
track record of using a combination of ketamine and narcotics at acceptable/tol-
erable doses (Thangathurai and Mogos 2011).

These antidepressant effects of ketamine are likely mediated by enhanced syn-
aptic plasticity in key brain circuits, e.g. prefrontal cortex and hippocampus (Du-
man and Aghajanian 2012). Potential cellular and molecular mechanisms for these
effects include presynaptic glutamate release increasing α-amino-3-hydroxy-5-
methylisoxazole-4-propionate (AMPA)/NMDA receptor throughput, the activation/
phosphorylation of mammalian target of rapamycin (mTOR), and GSK-3 inhibi-
tion. Eukaryotic elongation factor (eEF2), a translation repressor, may be deacti-
vated through ketamine-mediated blockade of NMDA receptors, which then leads
to reductions in eEF2 phosphorylation and de-suppression of rapid dendritic protein
translation such as increased brain-derived neurotrophic factor (BDNF) release in
the hippocampus (Kavalali and Monteggia 2012). Cytoskeleton-associated proteins
(Arc) may also be activated by ketamine, leading to dynamic changes in the actin
cytoskeleton and remodeling of dendritic spines. Therefore, the antisuicidal effects
of ketamine may be related to any or all of these cellular and molecular targets.

While the antisuicidal effects of ketamine appear promising, there remain several
cautionary tales. First, in an open-label trial of subanesthetic intravenous ketamine
in 10 patients with treatment-refractory obsessive-compulsive disorder (OCD), two
patients reported passive suicidal ideation, worsening anxiety, and dysphoria at 1
day post-infusion in previously non-syndromal depression at the time of infusion
(Niciu et al. 2013). The authors hypothesize that the delayed-onset suicidal ideation
may be related to: (1) worsening obsessional and free-floating anxiety and psy-
chomotor agitation post-infusion, (2) the interaction of ketamine-related acute
dysphoria with existing psychiatric comorbidities, or (3) ketamine-induced dere-
alization/depersonalization, activating past vulnerabilities (both patients had
extensive trauma histories). Consequently, off-label use of ketamine is not indicated
at this time for individuals with substantial psychiatric comorbidities and past
trauma. If ketamine is used in a non-research setting, close follow-up in the peri-
infusion period is mandatory.

Another concern with ketamine administration is psychotomimetic or dissocia-
tive adverse effects. Consequently, different opportunities for NMDA receptor
modulation have been explored. AZD6765/lanicemine, a proprietary low-trapping
NMDA receptor antagonist, was administered to inpatients with treatment-resistant
depression in a double-blind, placebo-controlled, proof-of-concept study, and
demonstrated a brief (80–110 min) antidepressant effect (Zarate et al. 2013a;
Mathews et al. 2013). Albeit less potent, this compound was not associated with
dissociative, psychotomimetic, or other effects seen with ketamine; in fact, neither
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clinicians nor patients could correctly guess whether the patient had been admin-
istered the study drug or placebo. A placebo-controlled trial has demonstrated that
repeated infusions of AZD6765 is associated with maintained mood improvements
(Sanacora et al. 2013; Smith et al. 2010). Compounds such as AZD6765, which are
able to replicate the rapid antidepressant and anxiolytic effects of ketamine without
psychogenic experiences would be exceptionally useful in clinical practice.

12.3.4 Scopolamine

Scopolamine hydrobromide is a muscarinic cholinergic receptor antagonist, which
may also have antisuicidal effects via its effects of multifarious pathways: musca-
rinic neurotransmission and glutamatergic neurotransmission (leading to down-
stream mTOR phosphorylation/activation) (Voleti et al. 2013). Scopolamine has
been shown to have rapid antidepressant effects in recurrent MDD and bipolar
depression when administered intravenously (4 mcg/kg) (Furey and Drevets 2006).
Antidepressant response to scopolamine has been associated with activation in the
bilateral middle occipital cortex during emotional visual stimuli processing (Furey
et al. 2013), potentially identifying a biomarker for treatment response. In a double
blind, placebo-controlled, crossover trial, scopolamine was associated with a
reduction on the suicidal ideation item on the MADRS (Drevets and Furey 2010).
Further prospective investigation of scopolamine’s putative antisuicidal properties
is critically needed.

12.3.5 Thyrotropin-Releasing Hormone

Thyrotropin-releasing hormone (TRH) is a hypothalamic tripeptide that regulates
the hypothalamic-pituitary-thyroid axis by stimulating the production and release of
thyroid stimulating hormone (TSH) from the pituitary. The greatest concentration of
TRH receptors is in the amygdala and hippocampus with lower densities in the
cortex, diencephalon, and basal ganglia (Manaker et al. 1986). Results on the
efficacy of oral and intravenous TRH in major mood disorders have been mixed
(Callahan et al. 1997) and may be limited by inadequate blood-brain barrier pen-
etration and extremely short half-life (Marangell et al. 1997). In a pilot study of
lumbar intrathecal TRH injection in eight patients with treatment-resistant depres-
sion, there was a reduction of depression and suicidal ideation within 1 day of
administration (Marangell et al. 1997). Similar results were demonstrated after
intravenous and intrathecal administration of TRH to two patients with treatment-
resistant bipolar II disorder (Callahan et al. 1997). These findings in small cohorts
have not been replicated, but novel delivery routes with increased CNS penetrance,
e.g. intranasal administration, may revitalize TRH research in depressive illnesses.

12 Experimental Pharmacologic Approaches for the Reduction … 217



12.4 Future Directions

With the rise of rapid-acting antidepressant research, psychiatry is poised for novel,
mechanistically distinct treatments for depression and suicidal ideation. While
much of the suicide research literature has focused on alterations in serotonergic
and HPA functioning, new findings implicate the glutamatergic, muscarinic, and
thyroid hormonal systems. In addition, the impulsive/aggressive endophenotype
may also be a potential target for experimental intervention development, especially
with high-risk suicidal patients with substance use disorders and borderline per-
sonality disorder. Current research on ketamine and scopolamine may further our
understanding of underlying neurobiological processes as an enrichment strategy to
develop more targeted treatments. Consistent with the NIMH’s Research Domain
Criteria (RDoC) initiative, which will emphasize constructs/dimensions of obser-
vable behavior and neurobiological measures, further research must also evaluate
these compounds outside the context of traditional diagnostic categories and in real-
world settings to evaluate how they perform with community samples. Further-
more, since the literature on the impulsive/aggressive endophenotype is robust, the
evaluation of substances such as ketamine in individuals with impulsive and/or
aggressive tendencies is warranted to determine possible antisuicidal and self-
injurious efficacy.

As stated in the introduction to this chapter, our work with rapid-acting anti-
depressants has necessitated a focus on suicidal ideation, rather than suicidal
behavior, as our primary outcome. This focus could significantly impact the clinical
care of emergent suicidal ideation, e.g. emergency departments. The ability to
reduce suicidal thoughts within hours instead of days-to-weeks could facilitate a
short-term reduction in suicide risk and preclude recidivism and frequent psychi-
atric hospitalizations (thereby cutting long-term health costs). Such treatment pro-
vides time to both connect the patient with more comprehensive long-term
resources, such as regular psychopharmacological follow-up and therapeutic
resources (such as Cognitive Behavioral Therapy or Dialectical Behavioral Ther-
apy) to allow such interventions to take effect. Albeit difficult to assess prospec-
tively due to its low incidence, future studies will need to evaluate the relationship
between suicide-related biomarkers and subsequent suicide attempt(s) and/or death
to truly impact public health.
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Chapter 13
Psychotherapeutic Treatment Approaches
for Suicidal Individuals

Megan S. Chesin, Sadia Chaudhury and Barbara Stanley

Abstract In the past 20 years, rigorous empirical study has shown that Dialectical
Behavior Therapy (DBT) and Cognitive-Behavioral Therapy (CBT) treatment
approaches for suicide prevention work to reduce recurrent suicidal behavior among
high suicide-risk groups. In addition, very brief psychotherapeutic approaches
comprised of supportive contact post-discharge and/or CBT techniques have been
developed and tested. These interventions aim to increase safety among the many
acutely suicidal individuals who present to acute care settings but will not engage in
follow-up mental healthcare. This chapter outlines both long-term and very brief
psychotherapeutic interventions to prevent suicide, as well as the evidence base for
these treatments. Additionally, one promising mindfulness-based approach to sui-
cide prevention (MBCT-S) is also detailed. Proposed directions for future research
include more rigorous testing of MBCT-S and the proposal and testing of treatment
targets so existing treatments may be refined and new treatments can be efficiently
developed.

13.1 Introduction

Suicide is a leading cause of death. In the U.S., more than 38,000 individuals died by
suicide in 2010 (National Center for Injury Prevention and Control 2012). World-
wide, almost one million people die by suicide each year (World Health Organi-
zation 2012). Suicide attempts in the U.S. occur at rates up to 25 times higher than
suicides (Goldsmith et al. 2002). Given the incidence and prevalence of suicide and
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suicide attempt, identifying interventions to prevent suicidal behavior in individuals
identified as at risk is imperative. However, designing and testing such interventions
is challenging for several reasons: (1) There are ethical concerns to consider when
offering novel treatment to some but not all individuals at acute risk for suicidal
behavior, e.g., when randomizing high suicide-risk patients to enhanced treatment or
treatment as usual (TAU). (2) Pinpointing efficacious treatments is difficult given the
nature of the primary outcomes in suicide intervention research. That is, when
suicidal ideation and suicide attempts are the primary outcomes of interest, natural
regression to the mean and the low incidence of suicide-related events, limit power to
detect pre- to postôtreatment gains. (3) Suicidal patients are a heterogeneous group
(Carballo et al. 2008), posing a challenge to identifying what works and what works
for whom among the different types of suicide attempters and completers.

Despite such difficulties, several psychotherapeutic treatments to prevent suicide
and suicide-related behavior are available and empirically supported. In this
chapter, we provide a comprehensive review of multi-session psychotherapeutic
treatments to prevent suicidal behavior among high suicide-risk groups, and we
summarize the most promising very brief (i.e., one session) interventions for sui-
cidal patients that are begun or even completed at the time and place where suicidal
individuals present for help (e.g., emergency departments). Our review is focused
on describing treatments for suicidal adults and adolescents and the evidence base.
We also suggest directions for future research, highlighting the need for research
that could lead to the refinement of available psychotherapeutic treatments for
suicidal behavior and the development of additional brief interventions.

13.2 Longer-Term Treatments for Suicidal Behavior

13.2.1 Dialectical Behavioral Therapy

Dialectical Behavioral Therapy (DBT) (Linehan 1993) combines change strategies
and techniques from behavioral treatments with acceptance-based strategies and
techniques. DBT was originally designed as a treatment for individuals who
chronically engage in suicidal and self-injurious behaviors (Linehan 1987). Because
chronic non-suicidal self-injury, defined as the intentional, direct destruction of
one’s own body tissue without any conscious intent to die (Favazza 1998; Linehan
1987), and repetitive suicidal behavior occur frequently in Borderline Personality
Disorder (BPD) (Association 2000; Jacobson and Gould 2007), DBT was quickly
considered and tested as a treatment for BPD. Thus, most of the evidence for using
DBT to treat suicidal behavior comes from studies testing DBT to treat self-inflicted
injury with and/or without suicidal intent, among BPD patients, and DBT is ma-
nualized as a treatment for individuals with BPD (Linehan 1987).

Findings from eight randomized controlled trials (RCTs) conducted by six dif-
ferent groups (Carter et al. 2010; Clarkin et al. 2007; Koons et al. 2001; Linehan
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et al. 1991, 1999, 2006; McMain et al. 2009; Pistorello et al. 2012; Verheul et al.
2003) consistently show that DBT is an effective and efficacious treatment for self-
injury and suicidal behavior among individuals with BPD. When compared to
TAU, patients who have received DBT show greater reductions in suicidal ideation
(Koons et al. 2001; Pistorello et al. 2012). When DBT is compared to active
treatments, its efficacy as a psychotherapeutic intervention for suicidal behavior is
even more compelling. Compared to treatment by experts and supportive psycho-
therapy, DBT is more effective in reducing reattempt risk and current suicidality
(Clarkin et al. 2007; Linehan et al. 2006; Turner 2000). DBT is similarly effective
in reducing suicidality and recurrent suicidal behavior as general psychiatric
management plus psychodynamic psychotherapy (Clarkin et al. 2007; McMain
et al. 2009). Panos et al. (2013) conducted a meta-analysis of five of the above
RCTs and concluded that DBT is moderately more effective in reducing suicidal
behavior and non-suicidal self-injury than other treatments, including TAU, sup-
portive psychotherapy or manualized psychodynamic, or client centered therapy.

Furthermore, the reduction in suicidal behavior as a result of DBT appears to
persist posttreatment. Linehan et al. (2006) in the aforementioned trial found that
participants who received DBT were also less likely to make a suicide attempt
during the year following treatment than those receiving treatment by experts.
Similarly, McMain et al. (2012) found that the reduction of suicidal and non-
suicidal self-injurious behaviors in participants who received either DBT or psy-
chopharmacological treatment persisted for 2-years following treatment.

13.2.2 Cognitive Therapy to Prevent Suicide Attempts

Cognitive Therapy (CT) for the prevention of suicide attempts (Brown et al. 2002) is
another treatment with empirical support for the prevention of suicide attempt. CT is
based on cognitive theory, which posits that the manner in which an individual
thinks about and interprets situations determines the emotional and behavioral
response to said situation (Beck 1976). Thus, CT focuses on changing maladaptive
thought patterns, including those of hopelessness and helplessness, that lead to
suicidal behavior. The 10-session intervention is divided into three phases. During
the first three sessions, the focus is on treatment engagement, orientation to the
cognitive model, and identification of target problems and treatment goals. During
the next four sessions, suicidal behavior is targeted through cognitive restructuring
and behavioral change and includes such interventions as coping cards and hope kits.
The final three sessions focus is on relapse prevention, during which guided imagery
is used to help the patient understand the index suicide attempt as well as likely
triggers and components of a future suicidal crisis, with an emphasis on using skills
acquired during the treatment to avoid acting on a suicidal urge (Berk et al. 2004).

Brown et al. (2005) conducted a RCT of CT versus enhanced usual care
(enhanced TAU). One hundred twenty recent suicide attempters were assigned to
either CT or enhanced TAU and were followed for 18 months following the 10-
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session CT intervention. Individuals in the CT group had significantly fewer suicide
attempts than those in the usual care group. In fact, they were half as likely to
attempt suicide in the follow-up period than their counterparts. Though Brown et al.
(2005) provided the largest and most rigorous test of CT to prevent suicide attempt,
prior tests of 5 to 10-session CT-based approaches to prevent the recurrence of
suicide attempt have been similarly promising, showing reductions in suicidal
ideation and trends toward lower incidence of suicide attempt among participants
receiving CT but not TAU.

13.2.3 Mindfulness-Based Cognitive Therapy to Prevent
Suicide

We (Latorre et al. n.d.) recently combined and adapted Mindfulness-Based Cog-
nitive Therapy (MBCT; Segal et al. 2002, 2013) with the Safety Planning Inter-
vention (SPI; Stanley and Brown 2008, 2012) to treat outpatients who present with
current suicidal thoughts and recent suicide-related behavior despite ongoing
pharmacotherapy and Veterans transitioning to outpatient treatment post-hospital-
ization for suicide-related concerns. MBCT is an 8-week group treatment that
includes mindfulness training and some CT techniques, namely psychoeducation
about depressive symptoms and relapse prevention planning. SPI, described below,
is a one-session CT-based intervention focused on identifying individual warning
signs and internal and external resources for managing suicidal crisis. Patients leave
with a written individualized crisis survival plan for reference when suicidal
thoughts and urges reemerge.

MBCT was originally designed to address the cognitive reactivity, or the onset
of biased thinking subsequent to mild mood deterioration (Teasdale and Dent
1987), that makes individuals with a history of recurrent depression vulnerable to
depressive relapse (Teasdale et al. 2000). In MBCT, individuals practice, through
repeated in-class experiential exercises and home meditations, relating to experi-
ence with awareness, nonjudgment and non-reactivity, i.e., mindfully. In this
manner, ruminative responding is impeded, or at least, identified. Mindfulness
training proceeds by first, i.e., during weeks one to four, increasing attention and
awareness of internal experience, including feelings, thoughts, and body sensations.
Then, in the second half of MBCT, improved focus, awareness and non-reactivity
to difficult feelings and thoughts, and open-monitoring of experience is attempted
(Segal et al. 2013). CT techniques include psychoeducation about depression,
symptoms of depression and depressogenic cognitions as well as discussion of the
cognitive model of depression, and relapse prevention planning (Segal et al. 2013).
CT techniques complement the mindfulness training. They serve to increase
awareness of experience as opposed to change it, as in traditional CT.

Given known deficits in cognitive control among suicide attempters (Keilp et al.
2013), we thought to adapt and test MBCT-S as an add-on treatment to prevent
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recurrent suicide attempt among individuals at acute suicide risk. Our rationale for
developing and testing MBCT-S was also bolstered by: 1. additional overlap
between other mechanisms of treatment gains in MBCT and deficits specific to
suicide attempters, namely blunted physiological arousal in response to social stress
(Chesin et al. 2014, for a review); 2. studies showing MBCT is effective in the
treatment of acute depression (Hofmann et al. 2010), and 3. studies showing
slightly adapted MBCT was well-tolerated and effective for preventing depressive
relapse among remitted individuals with a past suicide attempt (Barnhofer et al.
2009; Williams et al. 2013).

Adaptations to the MBCT curriculum in MBCT-S include identifying warning
signs for suicide and crisis coping skills early in treatment using SPI and system-
atically working with suicide-related concerns and suicidal thoughts and behavior
with mindfulness and CT exercises throughout treatment. To date, data from a few
pilot trials (Chesin et al. 2014) suggest MBCT-S is feasible, acceptable, and helpful
to outpatients and Veterans with recent suicidal behavior and current suicidal
ideation.

13.2.4 A CT Intervention for Suicidal Children
and Adolescents: Cognitive Behavior Therapy
for Suicide Prevention

Adolescents have been found to be at significant risk for suicidal behavior (Ting
et al. 2012). To address the need for a targeted intervention for suicidal behavior in
adolescence, Cognitive Behavior Therapy for Suicide Prevention (CBT-SP) was
developed and manualized for adolescent suicide attempters, though its authors
suggest that is can also be used for adolescents who experience acute suicidal
ideation (Stanley et al. 2009). CBT-SP is based on a stress-diathesis model of
suicidal behavior (Mann et al. 1999) where stressors, such as interpersonal conflicts
or academic difficulties, may trigger a suicidal crisis in an individual who possesses
a diathesis (e.g., sex, gender, genetic predisposition) for suicidal behavior. The
therapist and patient work collaboratively in this treatment to identify treatment
strategies specifically tailored to the patient’s proximal risk factors and stressors.

CBT-SP is divided into an acute phase and a continuation phase. During the
acute phase, the patient is seen for 12–16 weekly sessions, and treatment consists of
mostly individual sessions and up to six family sessions. The initial phase of acute
treatment involves the following: (1) a chain analysis of the index suicide attempt;
(2) safety planning; (3) psychoeducation; (4) identifying reasons for living; and (5)
case conceptualization. During the middle phase of treatment, behavioral and
cognitive skills are taught during individual and family therapy sessions. The final
phase of acute treatment focuses on relapse prevention. During the continuation
phase, the patient is seen for up to six more sessions over the course of 12 weeks. In
these sessions, the focus is on generalizing the use of skills. Stanley et al. (2009)
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found that CBT-SP participants found the intervention to be acceptable and helpful.
Further, 86 % of adolescent participants reported that they would recommend the
intervention to a friend.

13.3 Brief Interventions

Despite the promise of longer-term psychotherapeutic treatment approaches to
suicidal behavior, the majority of suicidal individuals do not seek or maintain in
outpatient or voluntary mental health treatment (see Lizardi and Stanley (2010) for
a review; Hamdi et al. (2008)). Thus, some very brief crisis interventions have been
designed to address and prevent the recurrence of suicidal behavior among patients
presenting with suicidal ideation or behavior. Such interventions require at most
one face-to-face individual session and can be delivered by professionals or trained
paraprofessionals. These brief interventions help clinicians meet some needs of
suicidal patients and attend to their legal and professional duties (American Psy-
chiatric 2003) while respecting limits to patient willingness and ability to engage in
and sometimes pay for longer-term treatment.

Brief interventions to prevent suicidal behavior can be broadly categorized into
contact- and CT-based interventions. Most have been implemented and tested
among patients presenting with suicidal behavior to acute care settings.

13.4 Contact Interventions

Motto and Bostrom (Motto 2001) developed a stand-alone, low-level contact
intervention for individuals at high risk for suicide. Specifically, patients who
refused treatment following an inpatient hospitalization for suicidal behavior or
depression were sent up to 24 personalized and unique letters from inpatient staff for
a period of 5 years. The letters were brief and simply offered well wishes and the
opportunity for the patient to respond, if he or she felt so inclined. In a RCT, Motto
and Bostrom (2001) found that the patient group who received this brief, cost-
effective contact intervention had significantly lower rates of suicide for 2 years
post-discharge compared to a control group who received no further follow-up
contact.

Subsequent studies have not found as robust results for a contact intervention.
Carter et al. (2005) tested a contact intervention where patients who presented to an
emergency department for self-poisoning, regardless of suicidal intent, were sent
monthly and then bi-monthly postcards for 1 year. They found that this intervention
significantly reduced the incidence of self-harm behaviors. However, the proportion
of individuals reengaging in self-harm behavior did not differ between those in the
intervention and control groups. Beautrais et al. (2010), meanwhile, found that
differences in rates of acute care visits for self-harm behaviors did not differ

228 M.S. Chesin et al.



between those who received a contact intervention and those who did not once the
number of visits for self-harm behaviors in the year prior to the index event was
considered. They concluded that the contact intervention may only be efficacious
for a subset of individuals who engage in suicidal behavior.

Despite these mixed findings, contact interventions continue to be implemented
and tested internationally. Chen et al. (2010) developed an intervention where
individuals who were seen in an emergency department or inpatient unit for self-
harm behaviors received weekly supportive text messages. This intervention was
found to be acceptable and was perceived to be helpful by participants. Fleisch-
mann et al. (2008) conducted a multinational RCT of a combined intervention that
consisted of a 1-hour psychoeducational session prior to discharge from the ED and
brief follow-up contacts. The psychoeducational session focused on identifying risk
factors and coping skills to manage suicidal urges. The authors found that suicide
attempters who received the combined intervention were significantly less likely to
commit suicide during an 18-month follow-up period.

13.5 CT-Based Brief Interventions

Safety Planning Intervention (SPI; Stanley and Brown 2008, 2012) is a very brief
(20–45 min) manualized, single session intervention developed from evidence-
based CT strategies. This intervention was developed as a stand-alone intervention
for patients who present for suicidal behavior at acute care settings and remain at
some suicide risk at discharge. In SPI, the patient and clinician collaboratively
develop a written, customized safety plan that is given to the patient at the end of
the session for patient reference in future crises. This written, personalized plan
focuses on increasing the patient’s crisis survival skills and restricting access to
means for suicide.

The written safety plan includes six strategies for reducing suicide risk and lists
(1) crisis warning sign; (2) internal coping strategies/distraction techniques; (3)
social distractions; (4) friends and family members who can be called for help; (5) a
personalized list of mental health professionals/agencies; and (6) a plan for
restricting access to means for suicide. The first step of the SPI, identifying warning
signs, is done alongside a thorough understanding of the index suicide event.
Warning signs can be thoughts, feelings, behaviors, images, events, or situations
and identifying specific, personal warning signs are emphasized. The next four
steps include individual internal and external resources to manage suicidal crises.
These steps are presented in a hierarchical fashion such that internal resources are
presented before external resources (e.g., friends who may distract and friends,
family, and professionals who may help in crisis). Thus, self-efficacy in the man-
agement of suicidal urges is encouraged. Patients are, however, specifically
instructed to bypass the initial steps and reach out for help if they feel they are at
imminent risk for suicide (Stanley and Brown 2012). SPI has been implemented in
a variety of acute care settings, including many emergency departments nationwide.
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The intervention has been found to be acceptable and helpful in managing suicidal
urges by both staff and patients at moderate risk for suicidal behavior (AAS meeting
2013). SPI has been identified as a best practice by the American Foundation for
Suicide Prevention and the Suicide Prevention Resource Center Registry for Sui-
cide Prevention (www.sprc.org).

Several other brief crisis interventions exist, primarily focusing on psychoedu-
cation (King et al. 2009; Kruesi et al. 1999; McManus et al. 1997) and treatment
engagement (Rotheram-Borus et al. 2000) For example, “Means Restriction Edu-
cation” (Kruesi et al. 1995) is a brief, stand-alone intervention for children and
adolescents who are seen in EDs for psychiatric concerns. The intervention involves
informing parents of their child’s suicide risk, providing psychoeducation on how
means restriction can reduce this risk, and developing a plan to limit access to lethal
means in their home. The authors found that the intervention was useful in
improving parental restriction of various lethal means, including firearms, pre-
scription drugs, and over- the-counter medications, at 2 months follow-up (Kruesi
et al. 1999). Rotheram-Borus et al. (1996) developed an intervention for adolescent
female suicide attempters who presented to an emergency department. The “spe-
cialized emergency department care” intervention included three key components:
(1) staff education; (2) a 20-min orientation video introducing the ED and its
practices and emphasizing the importance of follow-up treatment; and (3) a struc-
tured family session to address management of future suicidal crises and to gain
commitment to aftercare. Researchers found that those who received the specialized
ED care intervention were significantly more likely to engage in outpatient psy-
chotherapy, and trended toward attending more sessions and completing the full
course of psychotherapy, compared to those who received TAU in the ED
(Rotheram-Borus et al. 1996). Ward-Ciesielski (2013) developed a novel inter-
vention targeting suicidal community members who possibly were not engaged in
any psychiatric treatment. Suicidal community members were provided a single
stand-alone session of DBT-based group treatment. The pilot study found reduc-
tions in suicidal ideation and increased use of coping skills in the month following
the intervention.

In a somewhat different approach to preventing suicide among high suicide-risk
adolescents, King et al. (2009), through the Youth-Nominated Support Team-
Version II (YST-II), trained youth-nominated adults in means restriction, suicide
warning signs, and crisis resources. Then, the adult checked-in weekly with the
nominating, at-risk adolescent to provide hope and support and encourage the
adolescent to maintain in treatment. King et al. (2009) conducted a RCT comparing
YST-II + TAU to TAU and found that adolescents who made multiple suicide
attempts and received YST-II + TAU demonstrated quicker decreases in suicidal
ideation post-hospitalization. However, at follow-up, treatment gains did not per-
sist: The control and treatment groups did not differ significantly in suicidal ideation
at 6 weeks post-discharge (King et al. 2009).
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13.6 Summary

The findings of these various interventions are mixed and suggest that contact
interventions and targeted, brief interventions provided in acute care settings may
potentially reduce suicidal behavior in the short-term when compared to TAU.
However, further study is required to confirm these results.

13.7 Future Directions

Rigorous outcome studies of MBCT-S are needed. Given difficulties engaging and
maintaining suicidal individuals in treatment (Lizardi and Stanley 2010, for a
review), providing a brief psychosocial intervention at the time and place suicidal
individuals present allows for psychoeducation and coping skills training that may
otherwise be unavailable or not provided to individuals who need it. A few
promising brief interventions exist, but development and testing of additional such
interventions and more rigorous testing of the most promising available brief
interventions, e.g., SPI, are needed. Meanwhile, an evidence base supporting CT
and DBT for suicidal behavior is available. Thus, empirically grounded CT and
DBT treatment refinement and empirically supported personalization of treatment,
i.e., matching suicidal individuals to specific treatments based on empirical evi-
dence of what works for whom, become the logical next steps in providing efficient
and cost-effective psychosocial treatment to suicidal individuals.

Treatment refinement can be informed by dismantling and mediational studies
which provide information on treatment components or changes driving treatment
gains. Both CT for depression and MBCT to prevent the recurrence of depression
among previously depressed patients have been subjected to dismantling studies,
with no additive benefit discerned for the defining aspect of either treatment (i.e.,
training and practice in challenging thoughts and meditation, respectively) (Jac-
obson et al. 1996; Williams et al. 2013). Active ingredients of DBT, adapted CT,
MBCT, or effective brief interventions to prevent suicide among high suicide-risk
individuals are unknown. An effort to identify whether skills training, individual
therapy, or both are the necessary and active ingredient(s) in DBT, however, is
underway (Lynch et al. 2007). Similarly, few meditational studies positing and
testing mechanisms of treatment gains among suicidal patients have been con-
ducted. Lynch et al. (2006) posited DBT reduces suicidal behavior and non-suicidal
self-injury by increasing mindfulness, including attentional control, and decreasing
maladaptive or ineffective emotion regulation. Perroud et al. (2012) recently found
increased acceptance without judgment, an aspect of mindfulness, explained
decreased BPD symptomatology among DBT participants.

Where meditational or dismantling studies can determine effective components
or refine targets of existing treatment, moderational studies may help determine
what works for whom. Suicide attempters are a heterogeneous group, with findings
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from multiple studies showing, for example, differences in trajectories to suicide
attempt between individuals with impulsive-aggressive traits and those who are
chronically and persistently depressed (Carballo et al. 2008). Though most CT-
based interventions, including DBT, CT to prevent suicide attempt and SPI, are
somewhat personalized, matching individuals with either impulsive-aggressive
traits or pessimistic tendencies, for example, to the most appropriate and likely
effective treatment from the outset requires formal study of the effect of these traits
on treatment outcome. To date, predictors of treatment response have been inves-
tigated in a only a few empirical studies of suicidal populations (Koerner 2013).
Verheul et al. (2003) found individuals with more lifetime episodes of NSSI ran-
domized to DBT as opposed to TAU had fewer suicide attempts during treatment.
Williams et al. (2013) found individuals who were previously depressed and in
most cases had made a lifetime suicide attempt benefited equally, in terms of time to
relapse, from slightly adapted MBCT + TAU, 8 weeks of group Cognitive Psy-
chological Education (Williams et al. 2010) + TAU, and TAU. However, partici-
pants with more significant histories of childhood abuse and neglect responded
better to the addition of MBCT (Williams et al. 2013). Thus, third-wave behavioral
treatments, i.e., those that incorporate mindfulness such as DBT and MBCT-S,
offered in addition to medication management may be indicated for suicidal indi-
viduals with significant histories of deliberate self-harm or childhood adversity,
though more studies are needed to determine whether MBCT-S works for acutely
suicidal populations before predictor studies of MBCT-S are undertaken. Further,
additional predictor studies of DBT and predictor studies of CT for suicide pre-
vention and brief interventions are needed.

13.8 Conclusions

In this chapter, we have outlined longer-term and very brief psychosocial interven-
tions to prevent suicide.We have also reviewed the evidence base for these treatments
and suggested directions for future research aimed at providing appropriate, efficient,
and thus hopefully effective psychosocial treatment to suicidal individuals.
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Chapter 14
Cognitive Therapy with Suicidal Patients

Michael E. Thase

Abstract Cognitive Therapy is both the best-studied time-limited psychotherapy
for treatment of depressive disorders and one of the few forms of psychotherapy
that has been specifically adapted for treatment of acutely suicidal individuals. In
Cognitive Therapy for Suicide Prevention the primary targets for intervention are
hopelessness, suicidal ideations, and the behaviors that have been associated with
suicide attempts in the past. Acute suicidal risk is mitigated by collaboratively
developing a safety plan and hopelessness explicitly counteracted by identifying
and strengthening reasons for living and social support. In the one controlled study
conducted to date, patients randomly allocated to Cognitive Therapy for Suicide
Prevention were significantly less likely to make another suicide attempt than were
those receiving usual care.

14.1 Introduction

Cognitive Therapy, which was developed more than 30 years ago by Aaron T. Beck
and colleagues (Beck 1976; Beck et al. 1979), is the best-studied time-limited
treatment for depression (Cuijpers et al. 2008). In Cognitive Therapy, the therapist
helps the depressed patient learn to identify and modify the automatic negative
thoughts that can trigger and sustain dysphoric mood states. Grouped within a
broader class of interventions known as Cognitive Behavior Therapy (CBT),
treatment also usually incorporates behavioral activation and other related inter-
ventions to address maladaptive behaviors and improve coping skills. For the
purposes of this chapter, these terms will be used interchangeably. As most
depressed patients have some thoughts about hopelessness, death, and/or suicidal
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ideations, it is common to therapists to address these symptoms, typically beginning
within the first few minutes of the very first session. Nevertheless, in conventional
Cognitive Therapy hopelessness and suicidal ideations are but one of the constel-
lation of signs and symptoms of the depressive syndrome. A more focused inter-
vention—Cognitive Therapy for Suicide Prevention (Wenzel et al. 2009)—was
therefore developed specifically to treat individuals in suicidal crises. Cognitive
Therapy for Suicide Prevention focuses on suicidal ideations and suicidal behaviors
as the principal targets of therapy. Thus, in Cognitive Therapy of Suicide Pre-
vention, the therapist helps the patient to recognize the various triggers and risk
factors that are proximally related to suicidal ideation or behavior and then to
practice specific coping and problem-solving strategies that are intended to prevent
or attenuate subsequent suicidal crises. This chapter will provide an overview of
Cognitive Therapy for Suicide Prevention, as well as a brief summary of the results
of research using this approach to treatment.

14.1.1 Methods of Cognitive Therapy for Suicide Prevention

As briefly described below, Cognitive Therapy for Suicide Prevention consists of
four phases: (a) the early phase of treatment, (b) the cognitive case formulation,
(c) the middle phase of treatment, and (d) the later phase of treatment.

14.1.1.1 Early Phase of Treatment

The first phase of Cognitive Therapy for Suicide Prevention is the most important
because it is focused on ensuring patient safety and because it sets the tone for all that
follows. Like other forms of Cognitive Therapy, the therapist fosters a “collaborative
empirical” atmosphere and is entrusted to engage the patient into a psychoeducational
treatment process. Without overpromising (i.e., Cognitive Therapy doesn’t help
everyone), the therapist engenders a cautiously optimistic attitude, drawing upon the
knowledge that this approach to treatment has helped many people in similar or even
worse circumstances. Beyond starting to teach about therapy and how it helps to
prevent suicide, the therapist must conduct an assessment of suicide risk and develop
a Safety Plan in the initial session. Consistent with the psychoeducational nature of
therapy, the therapist teaches the patient about the limits of privacy and confidenti-
ality, the potential risks, and benefits of treatment, provides an overview of the
methods used in therapy. If the patient has a past treatment history, it is helpful discuss
what aspects of therapy were—and were not—helpful in the past. It is the therapist’s
responsibility to obtain the patient’s commitment to give treatment a chance to work,
including agreement to consistently attend sessions, actively participate, and com-
plete homework assignments.
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The assessment suicide risk includes both narrative and psychometric sources, as
well as information from tools such as the Beck Hopelessness Scale. Mindful of the
time available and multiple competing priorities, it is almost always helpful for the
patient to have the opportunity to tell his or her own story. Most patients will
describe a suicidal crisis that has been provoked or at least temporally preceded by
an adverse life event. Enculturation to Cognitive Therapy methods typically begins
seamlessly as the therapists asks about the patient’s reactions—thoughts, feelings,
and actions—that accompanied the life event and subsequent crisis.

For a patient who has attempted to end his or her life, it is important to try to
clarify the point or moment at which suicide was chosen as the course of action. By
focusing on this moment, the therapist may be able to elicit characteristic automatic
negative thoughts that help to justify or underpin this decision. A question such as
“what was going through your mind” “when you decided to kill yourself” is likely
to lead to uncovering self-statements such as “I can’t stand this pain any longer” or
“This situation is intolerable”, along with the accompanying emotions of despair or
intense sadness. As relatively few suicidal people can easily differentiate thoughts
and feelings, therapy becomes an iterative process to learn to accept feelings as an
understandable consequence of thoughts and, once detached (at least to some
extent) from overwhelmingly strong feelings, to test the accuracy of the thoughts.

In addition to identifying the thoughts, feelings and actions that preceded the
crisis, the therapist should try to elicit the patient’s reactions to surviving the
attempt.

As regret about surviving a suicide attempt may be associated with an increased
likelihood of subsequent attempts, it is important to have this information early on.

Novice Cognitive Therapists sometimes compromise the therapeutic alliance by
overzealously challenging the accuracy or reasonableness of the patient’s story
early in the narrative process. Instead, it is more useful to first listen, carefully and
empathically, so that the patient feels understood. Likewise, even good advice
about ways to cope better can have an oft-putting effect if timed too early in the
interaction. To ensure that a collaborative alliance is developing, the therapist
periodically solicits feedback about the patient’s perception of how the session is
going and whether or not the patient is feeling understood.

14.1.1.2 Safety Planning

Following the suicide risk assessment, developing a Safety Plan is the next priority
during the first session of treatment. The Safety Plan is an explicit, written list of
strategies that the suicidal patient agrees to do, as well as a list of resources that the
patients agrees to use if he or she develops a suicidal crisis (Stanley and
Brown 2013). Whenever possible, the plan should be written in patients’ own
words and kept close at hand so that it can be accessed on a moment’s notice. For
example, an individual may keep a hard copy of the plan in his or her purse or
wallet and an electronic copy on his or smart phone and/or laptop. A well-crafted
Safety Plan should include the following elements:

14 Cognitive Therapy with Suicidal Patients 239



(1) a way to recognize warning signs that might precede a suicidal crisis;
(2) a summary of coping strategies that can be used without the help of another

person;
(3) a list of people—friends and family members—who may be able to help in a

crisis;
(4) therapists, psychiatrists, and other mental health professionals, as well as after-

hours services and agencies; and
(5) an agreement to remove access to lethal means of completing suicide.

The therapist collaborates with the patient to identify actions that have worked in
previous crises and to develop a personalized hierarchy of coping strategies. The
proximal goal is to “ride out” a crisis by following each step of the Safety Plan until
the crisis is resolved. There likewise should be an explicit discussion about making
the environment safe, recognizing that some patients are very reluctant to part with
their firearms. The right to keep a firearm sometimes conflates a strongly held
political belief with an often unspoken lethal escape fantasy, namely that the
individual finds is oddly comforting to know that the gun can always be used to end
one’s misery if things get too bad. Nevertheless, given the fact that guns are
commonly used in suicide attempts and have high lethality, it is the therapist’s
obligation to ensure that all guns and ammunition are removed whenever practi-
cable. It is sometimes more agreeable if the firearm/ammunition is kept by a trusted
person, such as a family member or trusted friend, who shares the patient’s values
about firearm rights. The potentially touchy topic about when (and if) the property
can be returned should be deferred for another day.

The Safety Plan should be continuously revised throughout the course of
Cognitive Therapy for Suicide Prevention as new information is learned and as new
skills are learned. Although best thought of as part of a fully developed interven-
tion, the Safety Plan can be used as a stand-alone intervention in acute care settings
such as emergency rooms or crisis intervention services (Stanley and Brown
2008, 2012).

14.1.2 Research

Surprisingly few intervention studies have been conducted in suicidal individuals
and, to date, only one randomized controlled trial has evaluated the utility of Cog-
nitive Therapy for Suicidal Patients. In this study, which was conducted by investi-
gators at the University of Pennsylvania (Brown et al. 2005), consenting patients who
presented to a medical or psychiatric emergency department following a suicide
attempt were randomized to receive Usual Care with or without Cognitive Therapy
for Suicidal Patients. This study included 120 individuals age 16 and older; about two-
thirds of the study group was female. Although the study was not limited to patients
withMajor DepressiveDisorder (MDD), most (92%)met criteria forMDD, and 68%
had a comorbid substance use disorder. The majority of participants (58 %) had
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recently attempted suicide by overdose of pills. Cognitive Therapy for Suicide Pre-
vention was provided by experienced therapists; on average participants received
about 10 sessions of individual therapy across 6 months of protocol treatment. After
treatment ended, participants entered a naturalistic follow-up was extended for an
additional 12 months.

Across the full 18 month study period, 42 % of the participants assigned to the
Usual Care control condition made another suicide attempt, as compared to only
24 % of the group that received Cognitive Therapy for Suicide Prevention (Brown
et al. 2005). This nearly 50 % reduction in the risk of suicidal behavior was both
clinically meaningful and statistically significant. Participants who received Cog-
nitive Therapy for Suicide Prevention also had significantly lower scores on the
Beck Depression Inventory and the Beck Hopelessness Scale as compared to those
who received only Usual Care (Brown et al. 2005). Although Cognitive Therapy for
Suicide Prevention did not fully eradicate suicidality in this high-risk sample, it did
significantly reduce the risk of repeat suicidal behavior and resulted in significant
improvements in symptomatic status.

A second study is underway evaluating Cognitive Therapy for Suicide Pre-
vention in an extremely high-risk population, namely older men presenting for
treatment with depression and suicidal ideation. Although it will be several years
before the results of this study are available, the findings will provide and important
replication and extension of this model of treatment in a patient group that is truly in
need of effective treatment.

Another related line of research pertains to the model of therapy developed by
Marsha Linehan, Dialectical Behavior Therapy (Linehan 1993). Although origi-
nally developed primarily for treatment of parasuicidal behaviors among individ-
uals with borderline personality disorder (Linehan et al. 1991, 2006), this model of
treatment has recently been adapted to work with individuals with more chronic,
treatment resistant depressive disorders (see, e.g., Kahl et al. 2012). It therefore
would be worthwhile to compare the merits of these differently targeted psycho-
social interventions, including patients with and without significant personality
pathology.

14.1.3 Conclusions

Suicide is potentially preventable cause of death and effective treatment depression
is one of the most important ways to reduce the risk of suicide. Among the several
strategies that have been specifically developed to work with suicidal patients,
Cognitive Therapy for Suicidal Patients builds upon 30+ years of research to
provide an efficient and targeted form of individual therapy that directly addresses
both the proximal and more remote factors that are associated with the risk suicide.
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Chapter 15
Human Imaging Studies of Suicidal
Behavior and its Risk Factors

Kees van Heeringen, Stefanie Desmyter and Stijn Bijttebier

Abstract This chapter reviews neuroimaging studies of suicidal behavior and its
major risk factors, and discusses the relevance of the findings for the understanding,
prediction, and prevention of suicide. Functional and structural imaging studies
show a reduced prefrontal perfusion or metabolism and a blunted increase in
activation when challenged in association with a history of suicide attempts.
Moreover, impairment of the prefrontal serotonergic system in association with
suicidal behavior is demonstrated in a number of studies. Recent structural and
functional imaging studies show changes in cortical and subcortical areas and their
connections in association with suicidal behavior and risk factors, such as hope-
lessness, impulsivity, and aggression. The global picture that emerges from these
studies reflects the involvement of a fronto-cingulo-striatal network in the devel-
opment of suicidal behavior. The relevance of these findings for our understanding
of suicidal behavior is supported by findings from neuropsychological studies in
suicide attempters, showing dysfunctions in neuropsychological domains, which
involve similar neuroanatomical regions. Further study is needed to translate the
increasing knowledge from neuroimaging studies in clinical tools for the prediction
and prevention of suicidal behavior.

In spite of increasing evidence, the prevention of suicide still poses major chal-
lenges at societal and individual levels. Clinicians are unable to predict the
occurrence of suicidal behavior at the level of the individual. Depressed patients are
very often frightened by their suicidal thoughts, because patient prediction of future
suicidal behavior based on current thoughts appears impossible. In addition, when
suicide risk is considered high, its management is challenging because of the poor
evidence base. For instance, we cannot predict the individual response to treatment
in terms of decrease in suicide risk, and interventions, be it pharmacological or
psychotherapeutic, may even be associated with an increased risk of suicidal
behavior. Even if there is a positive response to treatment in terms of a reduction in
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suicide risk, we do not know how and why this happens. Limitations at the level of
assessment of risk and prediction of treatment response thus constitute two major
barriers to effective suicide prevention. This chapter will discuss the potential
contribution of brain imaging to suicide prevention through the identification of
markers of risk and targets of treatment.

15.1 Imaging Studies of Suicidal Behavior

15.1.1 Structural Imaging

Structural imaging studies of suicidal behavior, using MRI, have focused on
changes in white and gray matter.

Six studies demonstrated an association between suicidal behavior and white
matter hyperintensities, i.e., deep white matter hyperintensities, periventricular
hyperintensities, or subcortical matter hyperintensities (Ahearn et al. 2001; Ehrlich
et al. 2004, 2005; Pompili et al. 2007, 2008; Serafini et al. 2011). Noteworthy is the
study by Serafini et al. (2011), in which the relationship was studied between
affective temperamental profiles, white matter hyperintensities, and suicidal
behavior in patients with mood disorders. They found that patients with higher
dysthymia and lower hyperthymia were more likely to have white matter hyper-
intensities and recent suicide attempts.

Monkul et al. (2007) (compared fronto-limbic brain structures between females
diagnosed with a unipolar mood disorder and a history of one or more suicide
attempt(s), unipolar females without such a history and female healthy controls. The
presence of a history of suicide attempt(s) was associated with smaller bilateral
orbitofrontal gray matter volumes and larger right amygdala volumes. There were
no differences in gray matter volumes between unipolar patients without a history
of suicide attempt(s) and healthy controls.

Three studies investigated gray and white matter in the brains of patients suffering
from schizophrenia in association with suicidal behavior. Male patients with a history
of suicide attempt(s), compared to those without such a history, showed a significant
reduction in gray matter density in the left superior temporal gyrus and the left
orbitofrontal cortex (Aguilar et al. 2008). Rusch et al. (2008) found significantly
larger bilateral inferior frontal (and posterior orbital) white matter volumes in patients
with a history of suicide attempts as compared to patients without such a history and
to healthy controls. No other significant white or gray matter volume differences were
observed. Spoletini et al. (2011) studied selected subcortical regions and found a
significant increase in right amygdala volumes in association with a history of suicide
attempts in individuals suffering from schizophrenia when compared to such indi-
viduals without a history of suicide attempts and healthy controls.

Numbers of suicidal behaviors and pituitary gland volume were correlated in
young patients diagnosed with borderline personality disorder and with minimal
exposure to treatment Jovev et al. (2008). Studying the association between a
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history of attempted suicide and anterior corpus callosum volumes, Matsuo et al.
(2010) found no differences between bipolar patients with a history of suicide and
those without such a history. Cyprien et al. (2011) however, studied the association
between corpus callosum size and suicidal behavior in a large general population
sample of elderly persons. While controlling for age, gender, childhood trauma,
head trauma, and total brain volume, the area of the posterior third of the corpus
callosum was significantly smaller in suicide attempters than in affective controls
and healthy controls. Diminished interhemispheric connectivity may thus play a
role in the pathophysiology of suicidal behavior.

Caplan et al. (2010) studied frontotemporal volumes in pediatric epilepsy
patients according to the presence or absence of suicidal ideation. Suicidal ideation
was associated with smaller right orbitofrontal gyrus white matter volumes and
larger left temporal lobe gray matter volumes.

A history of suicide attempts in elderly male patients with late-onset depression
was associated with decreased volumes of gray matter and white matter in the
frontal, temporal, and parietal regions and the insula, lentiform nucleus, midbrain,
and the cerebellum when compared to healthy controls. A particularly marked
regional volume reduction was noticed in the dorsal medial prefrontal cortex
(Hwang et al. 2010). Goodman et al. (2011) studied the volume of the anterior
cingulate gyrus in adolescent patients with borderline personality disorder and
comorbid depression and in healthy controls. They found smaller gray but not white
matter volumes in the patients than in the controls, while, in the patient group, a
greater number of suicide attempts was associated with smaller volumes of the
anterior cingulate region.

Baldacara et al. (2011) found no effect of a history of suicide attempts on
cerebellar volumes in euthymic bipolar type 1 patients.

Benedetti et al. (2011) studied gray matter volumes in currently depressed
bipolar patients, some of whom had a history of suicide attempts, while others were
treated with lithium. Suicide attempters showed reduced gray matter volumes in
several brain areas, including the dorsolateral prefrontal cortex, orbitofrontal cortex,
anterior cingulate, superior temporal cortex, parieto-occipital cortex, and basal
ganglia. Noteworthy is the finding that long-term lithium treatment was associated
with increased gray matter volumes in the same areas in which suicide attempters
showed decreased gray matter volumes.

Wagner et al. (2011, 2012) (used a different approach to study the vulnerability
to suicidal behavior by comparing voxel-based morphometric properties in the
brains of depressed patients at high risk of suicide (as indicated by a personal or
familial history of suicidal behavior), depressed patients without such a risk and
matched healthy controls. Patients with a high risk of suicide showed significantly
decreased gray matter density in a fronto-striato-limbic network when compared to
the healthy controls and in caudate and rostral anterior cingulate cortex when
compared to nonhigh risk patients. The same research group investigated prefrontal
cortical thickness in similar study groups (Wagner et al. 2011, 2012). Patients with
high risk of suicide showed a significantly thinner cortex in the left dorsolateral,
ventrolateral prefrontal cortex, and the anterior cingulate in contrast to nonhigh risk
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patients. Taken together, the findings provide evidence for structural brain altera-
tions in depressed patients at high risk of suicide in the fronto-cingulo-striatal
network that is strongly involved in reward processing and emotional control.

Within a group of persons with borderline personality disorders, those with a
history of suicide attempts showed significantly decreased gray matter in the left
insula when compared to nonattempters. High-lethality attempters had significant
decreases in the right temporal gyrus, right orbitofrontal gyrus, right insular cortex,
and right parahippocampal gyrus when compared to low-lethality attempters (Soloff
et al. 2012).

Gray matter changes in brain regions in association with suicidal behavior in
psychotic patients were studied by Giakoumatos et al. (2013)

Compared to nonattempters, attempters had significantly less gray matter volume
in bilateral inferior temporal and superior temporal cortices, left superior parietal,
thalamus and supramarginal regions, right insula, and superior frontal and rostral
middle frontal regions. Among attempters, a history of high lethality attempts was
associated with significantly smaller volumes in the left lingual gyrus and right
cuneus. Compared to nonattempters, low-lethality attempters had significant
decreases in the left supramarginal gyrus, thalamus, and the right insula.

15.1.2 Functional Imaging

Oquendo et al. (2003) published a pivotal functional imaging study of the
involvement of the serotonergic neurotransmission system in suicidal behavior
using 18F-FDG PET. Depressed high-lethality and low-lethality suicide attempters
were scanned after a single-blind placebo and after the serotonin agonist fenflura-
mine hydrochloride administration on a second day. Secondary and proportional to
the postsynaptic serotonin receptor stimulation, the anterior pituitary gland releases
prolactin in the circulation following fenfluramine administration. Depressed
high-lethality suicide attempters showed relative hypometabolism compared to low-
lethality attempters in the ventral, medial, and lateral prefrontal cortex. This
difference was more pronounced after fenfluramine administration. Lethality of the
attempt appeared to be inversely correlated with metabolism in the ventromedial
prefrontal cortex after challenge with fenfluramine. A lower rCMRglu correlated
with higher lethality of suicidal behavior. They found a lower rCMRglu in high
versus low-lethality suicide attempters. This hypometabolism in frontal cortex
structures was related to the degree of suicide intent and impulsivity and not to
depression.

Leyton et al. (2006) studied regional serotonin synthesis in the brain with PET
and α-(11C)-Methyl-L-Tryptophan trapping in high-lethality suicide attempters and
in healthy controls. Suicide attempters showed reduced serotonin synthesis in the
orbital and ventromedial prefrontal cortices, and α-(11C)-Methyl-L-tryptophan
trapping in these regions correlated negatively with suicide intent. Low serotonin
synthesis in the prefrontal cortex may thus lower the threshold for suicidal behavior.
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Four studies of suicidal behavior using SPECT have been published. Using
123I-5-I-R91150, Audenaert et al. (2001) (studied 5-HT2a receptor binding in the
brains of recent suicide attempters and healthy controls. They found a significantly
reduced binding index in the frontal cortex in the patient group. The binding index
was significantly lower in the deliberate self-injury patients compared to the
deliberate self-poisoning subjects. In a split-dose 99mTc-ECD SPECT activation
paradigm using a verbal fluency task, Audenaert et al. (2002) further studied recent
suicide attempters. Attempters showed a blunted increase during verbal fluency
tasks in perfusion in the left gyrus frontalis inferior, right gyrus parietalis inferior
and bilateral gyrus cinguli anterior, the left and right gyrus temporalis medius, and
the hypothalamic region.

Brain 99mTc HMPAO SPECT scans of individuals who committed suicide
between 10 days and 36 months after the SPECT scan were compared to the
SPECT scans of depressed and healthy controls in two studies in a partly over-
lapping study population (Amen et al. 2009; Willeumier et al. 2011). Resting-state
activity was lower in the suicide victims than in the controls in the premotor and
primary motor cortex, corpus callosum, subgenual cingulate, and anterodorsal
cortex. A significant area of low activity was the nucleus accumbens, extending into
the ventromedial prefrontal cortex and the left and right putamen. During the
Continuous Performance Test, the baseline perfusion deficits were attenuated in the
depressed group and exacerbated in the suicide group during concentration.

Marchand et al. (2012) studied functional connectivity characteristics in asso-
ciation with attempted suicide. A network involving the bilateral striatum and
anterior cortical midline structures was found to be associated with depressive
symptom severity. Current suicidal ideation was associated with a similar but less
extensive circuit in the left hemisphere. A distinct striatal motor/sensory network
was associated with self-harm behaviors. Thus, a striatal-anterior cortical midline
circuit likely plays a significant role in the expression of depressive symptoms and
suicidal ideation. In contrast, a striatum-motor/sensory cortex network may be a
trait marker of suicide-related behaviors.

15.2 Imaging Studies of Suicide Risk Factors

Suicidal behavior is the consequence of the interaction between proximal and distal
risk factors (Hawton and van Heeringen 2009). Proximal risk factors, or state-
dependent characteristics associated with an increased risk of suicidal behavior,
include psychiatric disorders including depression, schizophrenia, and substance
use disorders. As the vast majority of individuals suffering from these disorders will
not show suicidal behavior, the specificity of these disorders with regard to suicide
risk is limited. The imaging literature concerning these disorders will therefore not
be reviewed in this chapter. However, particular state-dependent characteristics are
more specifically associated with an increased risk of suicidal behavior, including
mental pain (or ‘psychache’) and hopelessness. Imaging studies of these state-
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dependent clinical correlates of suicidal behavior will therefore be reviewed below,
as they may inform suicide risk assessment and treatment.

Distal risk factors include trait-dependent characteristics such as impulsivity,
sensitivity to social stressors and disturbances in decision-making. A number of
imaging studies have addressed these potential markers of suicide risk in studies of
suicide attempters and will therefore be reviewed in this chapter.

15.2.1 Mental Pain

Two studies have assessed brain correlates of mental pain in relation to suicidal
behavior. Using 99mTc-ECD SPECT, van Heeringen et al. (2010) (examined the
effect of psychological pain severity on resting-state activity in patients with major
depressive disorder (MDD) by comparing patients who scored high in psycho-
logical pain to those who scored low. Mental pain (measured with the Orbach and
Mikulincer Mental Pain Scale), suicidal ideation (measured using the Hamilton
Rating Scale for Depression), hopelessness (measured using Beck’s Hopelessness
Scale), and regional cerebral blood flow as measured with single photon emission
computed tomography were assessed in depressed individuals. Levels of mental
pain were significantly and positively associated with suicidal ideation and levels of
hopelessness. When compared with patients with low levels of mental pain, those
with high levels of mental pain showed relatively increased perfusion in the right
dorsolateral prefrontal cortex, occipital cortex and inferior frontal gyrus and in the
left inferior temporal gyrus, and relatively decreased perfusion at the medulla.
Reisch et al. (2010) tested the hypothesis that negative emotions experienced as
psychological pain would exhibit decreased neural activity in the frontal cortex.
Studying women who had attempted suicide in the two months prior to the study,
the authors reported decreased prefrontal activity. Thus, Reisch et al. (2010)
reported decreased PFC activity (left BA46, right BA10), whereas van Heeringen
et al. (2010) (reported increased activity in the right PFC (BA9, BA44). Both
studies used the Orbach and Mikulincer Mental Pain questionnaire to assess psy-
chological pain, which has been shown to be reliable and have a high degree of
validity, but it should be noted that different reference conditions were used.

15.2.2 Hopelessness

Two other imaging studies investigated hopelessness, and its association with
serotonergic disturbances. Using SPECT, van Heeringen et al. (2003) (studied the
binding index of 5-HT2a receptors in the frontal cortex of attempted suicide patients
and normal controls using [I-123]5-I-R91150, a highly selective 5-HT2a receptor
ligand. Moreover, they measured personality characteristics (using Cloninger’s
Temperament and Character Inventory) and levels of hopelessness (using Beck’s
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Hopelessness Scale), and studied the association between 5-HT2a receptor binding
index, hopelessness and these personality dimensions. When compared to normal
controls, attempted suicide patients had a significantly lower binding potential of
frontal 5-HT2a receptors, a higher level of hopelessness, a higher score on the
temperament dimension harm avoidance and lower scores on the character
dimensions self-directedness and cooperativeness. A significant correlation was
found between harm avoidance, hopelessness and binding index in the population
of suicide attempters. Lower central serotonergic function, hopelessness and harm
avoidance are interrelated phenomena, which may increase the probability of the
occurrence of attempted suicide.

Meyer et al. (2004) used PET in order to measure the relationship between brain
serotonin transporter binding potential with carbon 11-labeled DASB and nega-
tivistic dysfunctional attitudes during depression. Dysfunctional attitudes are neg-
atively biased assumptions and beliefs regarding oneself, the world, and the future.
Depressed subjects with highly negativistic dysfunctional attitudes had significantly
higher 5-HTT binding potential compared with healthy subjects in brain regions
mainly sampling serotonergic nerve terminals (prefrontal cortex, anterior cingulate,
thalamus, bilateral caudate, and bilateral putamen). Increased 5-HTT binding
potential was strongly associated with more negativistic dysfunctional attitudes in
brain regions primarily sampling serotonergic nerve terminals (prefrontal cortex,
anterior cingulate, thalamus, caudate, and putamen). The magnitude of regional
5-HTT binding potential thus may provide a vulnerability to low levels of extra-
cellular serotonin and symptoms of extremely negativistic dysfunctional attitudes.

15.2.3 Impulsivity

Yurgelun-Todd et al. (2011) studied the association between frontal white matter
integrity and measures of impulsivity and suicidal ideation in male veterans with
mild traumatic brain injury (n = 15) using DTI. Total and right cingulum fractional
anisotropy values (reflecting fiber density, axonal diameter, and myelination in
white matter) were found to correlate with current suicidal ideation. Mahon et al.
(2012) used DTI to study white matter in the brains of bipolar patients with a
history of suicide attempts, bipolar patients without such a history and healthy
controls. Lower fractional anisotropy values were found in the left orbital frontal
white matter in association with a history of suicide attempts, correlating with levels
of motor impulsivity.

Using SPECT and the mixed monoamine transporter tracer 123I-β-CIT, Lind-
strom et al. (2004) examined whole brain binding potentials of the SERT and DAT
in suicide attempters and matched healthy controls. No significant differences in
binding potential between study groups were found. In attempters, but not in
controls, there was a significant correlation between whole brain 5-HTT and DAT
binding potential and between high impulsiveness and low SERT-binding potential.
Ryding et al. (2006) further analyzed these data, examining regional serotonin
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reuptake (5-HTT) and dopamine reuptake (DAT) capacity. They observed no sig-
nificant difference concerning the regional levels of SERT or DAT binding
potential. However, they did find regional significant negative correlations between
SERT-binding potential and impulsiveness among suicide attempters but not in
controls. Significant correlations between the level of impulsivity and local 5-HTT
binding potential in suicide attempters were found in the right inferior frontal
(orbital) and bilateral temporal cortical regions, subcortically in the midbrain,
thalamic, and bilateral basal ganglia regions and in the left cerebellar hemisphere.
Furthermore, the patients showed a significant negative correlation between whole
brain DAT binding potential and mental energy. Regional significant correlations
were found solely in bilateral basal ganglia regions. These correlations were not
found in controls.

Pan et al. (2011) examined impaired response inhibition in adolescent suicidal
behavior by comparing adolescent suicide attempters with a history of depression to
adolescent nonattempters with a history of depression and to adolescent healthy
controls. Using a go-no-go task, they found a significantly higher activation in the
right anterior cingulate gyrus in nonattempters, compared to the suicide attempters.
No other significant differences in whole brain activity were observed when com-
paring suicide attempters to nonattempters and healthy controls. The findings
showed that adolescent suicidal behavior cannot be associated with abnormal
neuronal activation in the response inhibition circuit.

15.2.4 Sensitivity to Social Stressors

Jollant et al. (2008) were the first to use fMRI to elucidate the functional neural
basis of the neurobiological abnormalities underlying the vulnerability to suicidal
behavior. They measured neural activity in response to angry and happy versus
neutral faces in currently euthymic men with a history of MDD and suicidal
behavior and currently euthymic men with a history of MDD but not of suicidal acts
(affective comparison subjects) and healthy male comparison subjects. Relative to
affective comparison subjects, suicide attempters showed greater activity in the
right lateral orbitofrontal cortex (Brodmann’s area 47) and decreased activity in the
right superior frontal gyrus (area 6) in response to prototypical angry versus neu-
tral faces, greater activity in the right anterior cingulate gyrus (area 32 extending to
area 10) to mild happy versus neutral faces, and greater activity in the right cere-
bellum to mild angry versus neutral faces. However, activation in these frontal
regions did not differ between healthy individuals and either patient group. Relative
to healthy comparison subjects, both patient groups showed reduced activity in the
right cerebellum to neutral faces and to mild happy versus neutral faces. Suicide
attempters were distinguished from nonsuicidal patients by responses to angry and
happy faces that may suggest increased sensitivity to others’ disapproval, higher
propensity to act on negative emotions, and reduced attention to mildly positive
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stimuli. These patterns of neural activity and cognitive processes may represent
vulnerability markers of suicidal behavior in men with a history of depression.

A subsequent fMRI study (Pan et al. 2011, 2013a, b) investigated neural reac-
tivity to neutral, mild, or intense emotion face morphs in adolescent suicide at-
tempters, affective controls, and healthy volunteers. To 50 % intensity angry faces,
attempters showed significantly greater activity than affective controls in anterior
cingulate gyral-dorsolateral prefrontal cortical attentional control circuitry, primary
sensory and temporal cortices; and significantly greater activity than healthy vol-
unteers in the primary sensory cortex, while affective controls had significantly
lower activity than healthy volunteers in the anterior cingulate gyrus and ventro-
medial prefrontal cortex. To neutral faces during the angry emotion-processing run,
attempters had significantly lower activity than affective controls in the fusiform
gyrus. Attempters also showed significantly lower activity than healthy volunteers
to 100 % intensity happy faces in the primary sensory cortex, and to neutral faces in
the happy run in the anterior cingulate and left medial frontal gyri (all p < 0.006,
corrected). Psychophysiological interaction analyses revealed significantly reduced
anterior cingulate gyral-insula functional connectivity to 50 % intensity angry faces
in attempters versus affective controls or healthy volunteers. Thus, elevated activity
in attention control circuitry, and reduced anterior cingulate gyral-insula functional
connectivity, to 50 % intensity angry faces in attempters than other groups suggest
that attempters may show inefficient recruitment of attentional control neural cir-
cuitry when regulating attention to mild intensity angry faces, which may represent
a potential biological marker for suicide risk.

15.2.5 Decision-Making

Suicide can be viewed as an escape from unendurable punishment at the cost of any
future rewards (Dombrovski et al. 2012, 2013). Could faulty estimation of these
outcomes predispose to suicidal behavior? In behavioral studies, many of those who
have attempted suicide misestimate expected rewards on gambling and probabilistic
learning tasks. Neuropsychological studies have indeed demonstrated a link
between impairments in decision-making and suicidal behavior. Subsequent studies
have applied neuroimaging techniques to further understand the neurocognitive
mechanisms of these impairments, which could facilitate the development of
effective treatments.

Dombrovski et al. (2012) demonstrated that elderly depressed suicide attempters
had lower putamen but not caudate or pallidum gray matter voxel counts than
elderly depressed nonattempters and nondepressed controls. Suicide attempters
with lower putamen gray matter voxel counts displayed higher delay discounting
but not delay aversion. A second study by Dombrovski et al. (2013) showed that
depressed elderly participants displayed two distinct disruptions of control over
reward-guided behavior. First, impulsivity and a history of suicide attempts (par-
ticularly poorly planned ones) were associated with a weakened expected reward
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signal in the paralimbic cortex, which in turn predicted the behavioral insensitivity
to contingency change. Second, depression was associated with disrupted cortico-
striato-thalamic encoding of unpredicted rewards, which in turn predicted the
behavioral oversensitivity to punishment. These results were robust to the effects of
possible brain damage from suicide attempts, depressive severity, co-occurring
substance use and anxiety disorders, antidepressant and anticholinergic exposure,
lifetime exposure to electroconvulsive therapy, vascular illness, and incipient
dementia. Thus, altered paralimbic reward signals and impulsivity and/or care-
lessness may facilitate unplanned suicidal acts. This pattern, also seen in gambling
and cocaine use, may reflect a primary deficit in the paralimbic cortex or in its
mesolimbic input. The over-reactivity to punishment in depression may be caused
in part by a disruption of appetitive learning in cortico-striato-thalamic circuits.

In a controlled study of the involvement of decision-making in adolescent
attempted suicide, (Pan et al. 2011, 2013a, b) assessed decision-making and
learning-related neural activity during Iowa Gambling Task (IGT) performance.
Attempters performed best on the IGT. During low-risk decisions nonattempter
controls, but not attempters, showed greater left hippocampal and middle temporal
activation than healthy controls. During high-risk decisions, attempters showed less
activation in the right thalamus, and during low-risk decisions, attempters showed
greater activation in the left caudate. Thus, nonattempters but not attempters were
differentiated from healthy controls during performance of the IGT. Functional
abnormalities in neural circuitry implicated in learning in the context of risk may
underlie risk for MDD, but not risk for suicide attempt, in adolescence.

Jollant et al. (2010) explored the neural and cognitive basis of poor decision-
making ability associated with the vulnerability to suicidal behavior. A group of
currently not depressed males, some of whom had a history of suicidal acts (suicide
attempters), while others had none (affective controls), performed an adapted ver-
sion of the IGT during fMRI. Task-related functional Regions-of-Interest were
independently defined in 15 male healthy controls performing the same task. In
comparison to affective controls, suicide attempters showed (1) poorer performance
on the gambling task (2) decreased activation during risky relative to safe choices in
left lateral orbitofrontal and occipital cortices (3) no difference for the contrast
between wins and losses. Altered processing of risk under conditions of uncertainty,
associated with left lateral orbitofrontal cortex dysfunction, could explain the
decision-making deficits observed in suicide attempters. These impaired cognitive
and neural processes may represent future predictive markers and therapeutic tar-
gets in a field where identification of those at risk is poor and specific treatments are
lacking. These results also add to our growing understanding of the role of the
orbitofrontal cortex in decision-making and psychopathology.
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15.3 Discussion

Suicidal behavior constitutes an important public health problem and poses a major
challenge to health care because of difficulties in its prediction and treatment, and,
consequently, its prevention. This chapter reviews studies of the association
between structural or functional brain characteristics and suicidal behavior. Such a
review is relevant as knowledge of neural characteristics may contribute to our
understanding, and thus to the prediction and prevention of suicidal behavior.

The findings from this review can be summarized as follows. Gray and white
matter hyperintensities are comparatively more frequent in suicide attempters. With
regard to inferior frontal and orbitofrontal areas, white matter volumes are
increased, while gray matter volumes of the orbitofrontal cortex of suicide
attempters appear to be reduced. Serotonin synthesis is negatively correlated with
suicidal intent. A history of attempted suicide is associated with greater activity in
the right orbitofrontal cortex in response to angry (versus neutral) faces and with a
reduction in activation in the left lateral orbitofrontal cortex during disadvantageous
choices is found.

Serotonin synthesis and glucose uptake are decreased in the ventromedial pre-
frontal cortex, both correlating negatively with suicidal intent. Ventromedial glu-
cose uptake also correlates negatively with lethality of suicide attempts but
positively with impulsivity. With regard to dorsolateral prefrontal areas, a history
of suicidal behavior is associated with a reduction in 5-HT2A receptor binding
particularly among violent attempters, a blunted increase in perfusion during acti-
vation using a verbal fluency task, reduced glucose uptake particularly among high-
lethality attempters, and less activation following exposure to angry faces.

A history of suicidal behavior is associated with larger right amygdala volumes,
increased activity in the right insular cortex, anterior cingulate cortex and putamen,
and increased serotonin synthesis in the hippocampal gyrus and left thalamus.
Lethality of the most serious lifetime suicide attempt correlates negatively with
glucose uptake after fenfluramine administration in the anterior cingulate gyrus.

Preceding a discussion of these findings, a number of methodological issues
need to be addressed. The comparability of findings from different studies is limited
because of variations in imaging and analytic techniques. Radioligands differ in
their binding specificity, and, in spite of the use of Statistical Parametric Mapping in
many studies, anatomical localization of findings is often imprecise. Small sample
sizes, whether or not due to high dropout rates, limit the power of studies to detect
small group differences or can tend to amplify individual differences due to bio-
logical heterogeneity. Other potential biases may be due to the lack of (e.g., healthy
or psychiatric) comparison groups. In many studies, patients and controls are not
matched for potentially biasing characteristics, such as demographic variables,
psychiatric (co-) morbidity, nature and severity or chronicity of associated disor-
ders, treatment, and exposure to risk and protective factors. Generalizability of
findings may be limited due to inclusion of only male or female individuals or

15 Human Imaging Studies of Suicidal Behavior … 255



patients with particular disorders such as schizophrenia. Finally, in the majority of
studies, assessment of imaging is not blind to behavioral history.

This chapter confirms and updates the conclusions from our recent reviews of
neuroimaging studies of suicidal behavior published between 1990 and 2010
(Desmyter et al. 2013; van Heeringen et al. 2011), i.e., that involved brain areas
constitute a fronto-cingulo-striatal network. Recent neurobiological research out-
side the suicidological domain has clearly demonstrated the major role of this
network in the process of decision-making. Decision-making is a complex process
involving different components such as the recognition of the present state, the
evaluation of action candidates (or options) in terms of how much reward a choice
would bring, and the selection of an action in reference to one’s needs. A neural
basis for each of these components has been demonstrated in terms of the brain
regions constituting the FCS network (Doya 2008). Not coincidentally, recent
neuropsychological studies in suicide attempters have also identified changes in
decision-making processes as crucial characteristics of the predisposition to suicidal
behavior.

Taken together with the results from recent functional MRI studies, these
findings suggest, first, that suicidal behavior is associated with disturbances in the
attribution of importance to stimuli, i.e., undue importance to signals of others’
disapproval and insufficient importance to risky choices. Secondly, changes in the
prefrontal–striatal network are associated with changes in the representation of
value to different outcome options, which may lead to the choice of immediate
reward over abstract and delayed reward in the process of decision-making. The
development of unbearable emotional pain following perception of signals of
others’ disapproval may be associated with a choice for immediate alleviation of
pain, not taking into account the possibility of a better future. Disturbed inter-
temporal reward discounting may thus play an important role in the vulnerability to
suicidal behavior. As the serotonergic neurotransmission system is involved in the
modulation of this process of delay discounting, this may explain the demonstrated
association between prefrontal serotonergic dysfunctioning and levels of hope-
lessness in suicide attempters.

This review and discussion of neuroimaging studies indicates that knowledge of
neural network substrates of suicidal behavior is rapidly increasing. Potential
contributions of neuroimaging to suicide prevention may therefore include
improved risk assessment and treatment planning, which are two major limitations
in suicide prevention as discussed in the introductory section of this chapter.

With regard to risk assessment, neuroimaging correlates of suicidal behavior are
currently defined in terms of differences between groups depending on the presence
or absence of a history of suicidal behavior. To date, no (neurobiological or any
other) measures can identify risk of future suicidal behavior at an individual level.
The next step therefore will be the application of computer-based techniques that
allow automatic discovery of patterns in imaging data, which then can be used to
classify individuals into risk groups. These ’machine learning’ techniques have
been successfully used in the study of psychiatric disorders, and fMRI studies of
suicidal behavior using such algorithms are currently being conducted.
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With regard to the contribution of neuroimaging to the treatment of suicide risk,
the more detailed delineation of brain regions and networks involved in suicide risk
parallels the development of interventions, which target specific regions and net-
works. Findings from recent imaging studies showing orbitofrontal dysfunction in
relation to suicidal behavior may inform cognitive-behavioral treatments of suicide
risk by showing that inappropriate use of positive feedback and insensitivity to risk
may be more relevant to the development of suicidal behavior than aggression and
impulsivity.

With respect to the treatment of suicidal behavior, transcranial magnetic stim-
ulation could be a method of choice. Continuous theta burst stimulation of the right
dorsolateral prefrontal cortex influence functional activity in, among others, the
orbitofrontal cortex and reduces myopia for the future, so that delayed rewards are
favored instead of immediate reward (Cho et al. 2012).

While it clearly is too early to use neuroimaging in the management of suicide
risk, this chapter shows that imaging studies may shed new light on our under-
standing of the reasons why people may become suicidal when confronted with
particular adversities. New insights in the role of dysfunctional brain networks may
thereby increase our possibilities to identify risk, inform current therapies, and lead
to the implementation of new treatment approaches.
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Chapter 16
Using Awake Animal Imaging
to Fingerprint Drugs for CNS Liability:
Risk of Suicide?

Craig F. Ferris

Abstract Awake animal imaging has become an important tool in preclinical drug
discovery. Noninvasive ultra-high field, functional magnetic resonance imaging
(fMRI) provides a window to the mind making it possible to image changes in brain
activity across distributed, integrated neural circuits with high temporal and spatial
resolution. Awake animal imaging offers the ability to record signal changes across
the entire brain in seconds. When combined with the use of 3D segmented,
annotated, brain atlases, and computational analysis, it is possible to reconstruct
distributed, integrated neural circuits, or “fingerprints” of brain activity. These
fingerprints can be used to characterize the activity and function of new psycho-
therapeutics in preclinical development and to study the neurobiology of integrated
neural circuits controlling cognition and emotion. In this chapter, we briefly
describe the methods used to image awake animals and its application toward the
study of drugs with black box warnings for suicidal ideation and self-harm.

16.1 Introduction

Awake animal imaging has become an important tool in preclinical drug discovery
(Borsook 2006). Noninvasive ultra-high field, functional magnetic resonance
imaging (fMRI) provides a window to the functioning central nervous system,
making it possible to image changes in brain activity across distributed, integrated
neural circuits with high temporal and spatial resolution. Awake animal imaging
offers the ability to record signal changes across the entire brain in seconds. When
combined with the use of 3D segmented, annotated, brain atlases, and computational
analysis, it is possible to reconstruct distributed, integrated neural circuits, or “fin-
gerprints” of brain activity. These fingerprints can be used to characterize the activity
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and function of new psychotherapeutics in preclinical development and to study the
neurobiology of integrated neural circuits controlling cognition and emotion.

A major area of effort in preclinical drug development is safety pharmacology,
particularly in the area of CNS. In toxicology and safety pharmacology studies,
careful observation of potentially drug-related behavioral changes, as well as histo-
pathology have the potential to identify brain areas sensitive and potentially vul-
nerable to novel psychotherapeutics. Yet, there is no way to predict unwanted
emotional or cognitive effects with high fidelity. Studies on animal behavior are
limited in their ability to predict such states as anger, aggression, suicidal ideation,
and self-harm. Given the limitations of observational behaviors in preclinical species,
it is possible that fMRI in awake animals can provide complimentary information to
assist in predicting such undesired effects. This notion is addressed in the present
paper by assessment of the effects of drugs with “Black Box” warnings for suicidal
behavior in pharmacological fMRI (phMRI) studies. The drugs under study are: (1)
venlafaxine, serotonin-norepinephrine reuptake inhibitor used to treat depression, (2)
rimonabant, an inverse agonist for the CB1 cannabinoid receptor used to treat obesity,
and (3) gabapentin, a GABA analog acting on voltage-dependent calcium channels
used to treat epilepsy and neuropathic pain. While these drugs have different indi-
cations, mechanisms of action, and structures, they all carry a warning for suicidal
ideation and self-harm. As such, one starts with the presupposition that these drugs
share some similarity in brain activity. If so, phMRI can be used to identify brain
activity common to these drugs. This common brain activity can then be compared to
drugs used to treat suicidal and aggressive behaviors helping to identify mutually
exclusive brain areas as the fingerprint of a putative neural circuit involved in suicidal
ideation and self-harm. In this chapter, we briefly describe the methods used to image
awake animals and its application toward the study of drugs with black box warnings.

16.2 Awake Animal Imaging

The field of awake animal imaging was pioneered by the first publication in 1998,
assessing the effects of foot shock upon brain activity. (Lahti et al. 1998). Since
then, numerous studies have been conducted including a variety of behavioral and
neurological models ranging from sexual arousal in monkeys (Ferris et al. 2004),
pup suckling in rat dams (Ferris et al. 2005b; Febo et al. 2005) generalized absence
seizures in rats and monkeys (Tenney et al. 2004a, b), aggressive and sexual
motivation in rats (Ferris et al. 2008), and nongenomic effects of stress hormone
(Ferris and Stolberg 2010).

16.2.1 Setup

There are multiple technical and methodological issues to overcome in order to
perform awake animal imaging. The first and foremost is the issue of head restraint
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and motion artifact. Any minor head movement distorts the image and may also
create a change in signal intensity that can be mistaken for stimulus-associated
changes in brain activity (Hajnal et al. 1994). To minimize motion artifacts, studies
are performed using a custom-designed head holder and restraining system for adult
rats (Animal Imaging Research, LLC, MA). In brief, just prior to the imaging
session, animals are lightly anesthetized with 2–3 % isoflurane. Their head is fitted
into a restrainer with molded, padded side panels, which when compressed mini-
mize movement. This head restrainer is placed into a quadrature transmit/receive
volume coil optimized for brain imaging. The body of the animal is placed into a
body restrainer with attachments for stabilizing the shoulders and neck. The coil/
head holder and body restrainer are attached to a carriage that can be inserted into
the bore of the magnet.

16.2.2 Acclimation Prior to Imaging

The stress associated with head restraint, restricted movement in the body tube,
noise from the gradient coil and the duration of the imaging session are all concerns
when imaging awake animals. To address these problems, protocols have been
developed for acclimating animals to the environment of the MR scanner and
imaging procedure leading to a reduction in stress hormones levels and measures of
autonomic activity regulated by the sympathetic nervous system (Zhang et al. 2000;
King et al. 2005). Acclimation protocols have been used to prepare awake animals
for a range of behavioral, neurological, and pharmacological imaging studies, many
of which are noted above. In all cases, acclimation to the scanning session is
achieved by putting subjects through several simulated imaging studies. For
example, on each day of acclimation, animals are lightly anesthetized with 2–3 %
isoflurane, while being secured into the restraint system. When fully conscious, the
restraint system is placed into a black opaque box “mock scanner” for 30–60 min
with a tape-recording of an MRI pulse sequence to simulate the bore of the magnet
and an imaging protocol. A significant decline in respiration, heart rate, motor
movements, and plasma corticosterone has been measured when the first and last
acclimation periods are compared (King et al. 2005). The reduction in autonomic
and somatic measures of arousal and stress improve the signal resolution and
quality of the MR images. Critical in acclimation is the finding that unacclimated
and acclimated animals show no difference in baseline cerebral blood flow, a key
determinant in BOLD fMRI (King et al. 2005).

16.2.3 Data Processing and Analysis

Imaging data are corrected for motion and drift. Each image is spatially smoothed to
improve signal-to-noise. Spin echo EPI is used to reduce distortion in field
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homogeneity and susceptibility artifacts. The functional images are registered to a
segmented, annotated 3D MRI atlas for rats. The fully segmented 3D rat brain atlas
has the potential to delineate and analyze 154 distinct anatomical volumes within the
brain. The alignment process is facilitated by an interactive graphic user interface.
The affine registration involves translation, rotation, and scaling in all three dimen-
sions, independently. The matrices that transformed the subject’s anatomy to the atlas
space were used to embed each slice within the atlas. Details of the alignment of scans
to the rat brain atlas have been published elsewhere (Ferris et al. 2005a).

An initial voxel-based analysis is followed by Region of Interest (ROI)-based
analyses using Medical Image Visualization and Analysis (MIVA) software. The
scanning sessions described here lasted 35 min. The control window was the first
5 min with 50 scan repetitions (6 s/acquisition), drug administration, followed by 30
min with 300 scan repetitions. Statistical t tests are performed on each voxel (ca,
16,000 in number) of each subject within their original coordinate system. The
baseline threshold is set at 2 % based on data showing that BOLD signal changes
above this threshold are reliably above noise levels for awake rat imaging (Brevard
et al. 2003). The t test statistics use a 95 % confidence level, two-tailed distribu-
tions, and heteroscedastic variance assumptions. As a result of the multiple t test
analyses performed, a false-positive detection controlling mechanism is introduced
(Genovese et al. 2002). This subsequent filter guarantees that, on average, the false-
positive detection rate is below our cutoff of 0.05. Statistical differences between
experimental conditions are determined using Newman-Keuls multiple compari-
sons test (alpha value was set at 5 %). Tests are done separately for each ROI.

16.3 Pharmacological MRI

The study presented is preliminary and tested the feasibility of characterizing drugs
at risk for suicidal ideation and self-harm. A schematic of the experimental design
and predicted outcome is shown in Fig. 16.1. Five hypothetical drugs (A–E) with
black box warnings were screened for brain activity using phMRI. While each drug
has its own unique activity represented in red lines and patches, they all presumably
have something in common related to their potential to influence thoughts of suicide
and self-injury. This putative neural circuit is indicated in the black spots. Statistical
analysis between these five hypothetical drugs identifies areas of common brain
activity. The remaining areas shown in red (second brain down on the far right) are
general patterns of nonspecific brain activity common to each drug but not common
to suicidal ideation or self-harm. To help screen for this neural circuit, a parallel
phMRI study was run characterizing drugs used to treat suicidal ideation and self-
harm. The hypothesis was that these drugs are effective treatments because they
block the neural circuit at risk (blue dots in Drugs F & D). The commonality is
found between the treatment drugs. This list of brain areas is compared to the
common list of brain areas for drugs at risk. The difference between them reflects
the activity in brain areas with potential liability.
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The three candidate drugs with black box warnings are shown in Table 16.1 and
highlighted for their indication, mechanism of action, and chemical structure. Each
drug was given i.v. in a single dose (rimonabant 1 mg/kg; venlafaxine 10 mg/kg;
gabapentin 10 mg/kg). These drugs were compared to two test drugs used to treat
suicidal ideation (clozapine 3 mg/kg) and aggressive behavior (buspirone 10 mg/kg)
shown in Table 16.2. Clozapine was chosen because it is approved for the treatment
of suicidal ideation in schizophrenics. Busprione was chosen because it is used to
treat inappropriate aggressive behavior (Kavoussi et al. 1997), considered to be a risk
factor for suicidal behavior. In fact, approximately 21 % of highly aggressive men
diagnosed with Intermittent Explosive Disorder commit suicide (McCloskey et al.
2008).

All animals were imaged continuously for 35 min starting with a 5 min baseline
followed by 30 min post i.v. injection of test drugs.

Figure 16.2 shows 3D activation maps for each of the test drugs. The red is the
average significant positive BOLD signal change in over 16,000 voxels from the
sample size shown beneath each figure. Starting with 154 brain areas that comprise
the rat atlas, 67 were found to be common, or not significantly different from one
another. Those areas that were common to clozapine and buspirone (data not

Fig. 16.1 Schematic of experimental design. Shown are the steps using phMRI to identify
common brain activity in drugs at risk, and those for treating suicidal ideation and self-harm.
Finding the difference between the two drug conditions identifies the vulnerable neural circuit
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shown) were compared to the 67 brain areas of the black box drugs. Seventeen
brain areas were identified in the risk drugs that were not found in the treatment
drugs. These areas constitute the putative neural circuit that has the potential when
activated to arouse thoughts of suicide and self-harm.

This pattern of brain activity was generated, reconstructed as an integrated neural
circuit, and visualized as a 3D volume of activation and 2D activation maps as
shown in Fig. 16.3. The 3D localization of these brain areas are shown in color with
labels. These areas were coalesced into a single volume shown in yellow in the
glass brain below. The average significant change in BOLD signal in these areas is
shown in red using the rimonabant data as the example. These same data are
presented in 2D activation maps to the right showing the localization of activated
voxels within axial sections of the rat brain atlas.

Table 16.1 Drugs with black box warnings for suicidal ideation and self-harm

Drugs with black box warnings for suicidal ideation and self-harm

Venlafaxine—used to treat depression. Functions as a
serotonin–norepinephrine reuptake inhibitor

Rimonabant—used to treat obesity. Functions as an inverse
agonist for the cannabinoid receptor CB1

Gabapention—used to treat epilepsy and neuropathic pain.
Functions as a GABA analog acting on voltage-dependent
calcium channels

Table 16.2 Drugs used to treat suicidal ideation and aggression

Drugs used to treat suicidal ideation and self-harm

Colzapine—used to treat schizophrenia. Functions as
an atypical antipsychotic acting on multiple signaling
systems. FDA approved for the treatment of suicide
risk inschizophrenics

Buspirone—used primarily to treat anxiety. Also,
indicated for treatment of aggression associated with
head injury. Functions as serotonin 5-HT1A partial
agonist
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The areas of the brain most represented in this integrated neural circuit is the
thalamus followed by cortex, particularly limbic cortex, with contributions from hip-
pocampus. Ostensibly absent from the list is amygdala, hypothalamus, periaqueductal
gray, primary olfactory system, and basal ganglia, e.g., substantia nigra, ventral teg-
mental area, accumbens, globus pallidus, ventral pallidum, caudate/putamen. Indeed,
the dorsomedial striatum is the only representative from this key neural network.

Prior to the start of these studies, there was no previous notion as to which, if any,
brain areas would be associated with these drugs having a black box warning.
Interestingly, the areas identified do have a general relationship to neural circuits
involved in executive function and working memory as depicted in Fig. 16.4.
Highlighted in black are major nodes recognized from human imaging studies as
associated with cognitive dysfunction in schizophrenia (Eisenberg and Berman
2010). These areas starting with the prefrontal cortex have outputs to hippocampus,
limbic cortex, and basal ganglia, all of which ultimately communicate with the
thalamus and from there, back to prefrontal cortex (Little et al. 2010). Highlighted in
red are the analogous areas in the rat identified with phMRI. Perhaps the activation of
this distributed integrated neural circuit can affect cognitive function, which in some
individuals may lead to thoughts and potentially actions of self-harm. As noted
above, the scheme of integrated brain areas in Fig. 16.4 is associated with cognitive
dysfunction in schizophrenia. Indeed, one in ten schizophrenics will commit suicide
and one in four will attempt suicide.

Fig. 16.2 Brain activity in the whole brain for each test drug shown are glass brains for each test
drug and the location of the average significant change in BOLD signal from 154 brain areas and
over 16,000 voxels. The parenthesis beneath each shows the sample size. Finding brain areas that
were not significantly different between drugs at risk reduced the possible areas to 67. Identifying
areas not common to the treatment drugs clozapine and buspirone reduced the brain areas to 17
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16.4 Discussion

Do drugs that carry a black box warning for suicidal ideation activate a common
neural circuit in the brain? The data is suggestive, not conclusive, and invites more
questions than answers. As noted in the introduction, this was a preliminary study
to examine the feasibility of using phMRI in awake animals to fingerprint drugs
with common black box warnings. In this case, the example was suicidal ideation
and self-harm. The limitations in study design are many. Brain activity was
assessed in response to a single dose of test drug, at a single time point (30 min), to
drug naive rats. A comprehensive study would include a dose-response for each test
drug, pharmacokinetics to correlate brain activity with drug levels, and a 28-day
treatment regimen. Indeed, the profile of brain activity may be very different in
response to acute and chronic drug exposure. For phMRI to have a future role in the

Fig. 16.3 Putative neural circuit associated with suicidal ideation and self-harm. Shown on the left
is a 3D color representation of the different brain areas comprising the putative neural circuit
associated with suicidal ideation and self-harm. The segmented, annotated illustration is a coronal
view. The yellow/gold illustration below is confluence of the segmented brain areas showing the
location of the average, significant increase (red) in BOLD signal for nine rats, 20–30 min post
rimonabant injection. The panel of 2D axial images on the far left depict the location of significant
increase in BOLD signal (red) in brain slices from the rat atlas
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field of CNS safety, it will be necessary to develop a large database drawn from
multiple classes of drugs with unwanted emotional and cognitive side effects. From
this database of brain activation, pattern recognition software can be used to screen
novel psychotherapeutics for potential liability.

Three drugs were chosen from the literature, picked because of their differences in
mechanism of action. One could have simply characterized the class of serotonin
reuptake inhibitors but this would have created the dilemma of parsing out neural
circuits helping depression from those involved in thoughts and action of self-harm.
This point is raised because it addresses the larger picture of integrated neural circuits
as templates for animal and human behavior. If you adopt this notion, then one could
ask if there are analogous neural circuits subserving similar functions in animals and
humans as suggested in Fig. 16.4. Do we learn anything from the distributed neural
circuitry identified in this preliminary study as it relates to human mental health, i.e.,
does this preclinical work translate to the human condition? One could argue that
rodent behavior does not translate but brain activity may. It should be emphasized that

Fig. 16.4 Schematic of brain areas involved in executive function and working memory. Shown
are different brain areas clustered into brain regions that have been identified as participating in
executive function and working memory. Areas highlighted in black come from the imaging
studies on patients diagnosed with schizophrenia (Eisenberg and Berman 2010). Those in red
come from the phMRI studies identifying the putative neural circuit associated with suicidal
ideation and self-harm
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the patterns of brain activity elicited by venlafaxine, gabapentin, and rimonabant are
not to be associated with, or reflective of, any adverse “self-destructive” behavioral
phenotype in the rat. Rats do not commit suicide. In these studies, the rat brain is
simply an “inkblot” for comparing the patterns of brain activity across different drugs.
It is unlikely we can learn anything about suicidal ideation, depression, and self-harm
from the behavior of rodents. Psychiatric illness is a complex interaction over time
between multiple genes and the environment impacting perception, cognition, and
emotion that cannot be modeled in laboratory rodents.

Animal imaging may aid in understanding and treating psychiatric illness, and in
potentially predicting safety-related signals that may appear later in clinical
development. There are homologous, distributed, integrated neural circuits across
the mammalian kingdom with comparable neurochemical signaling pathways. The
conservation of serotonergic, dopaminergic, noradrenergic, and neuropetidergic
signaling systems, to name a few, their origin and efferent connections in the brain,
are the foundation of neuropharmacology and behavioral neuroscience. Over mil-
lions of years of evolution, these signaling pathways have been conserved across
mammalian species but co-opted for different behaviors that have selective
advantages in different environments. Therefore, what translates across species is
the activation or suppression of these neural circuits with drugs—not necessarily
the behaviors that are elicited or blocked. As shown here, drugs designed to interact
with specific signaling pathways can be fingerprinted in the rat and compared to
identify common areas of activation. Most likely these same signaling pathways are
being activated in humans and they share common areas of activation. How this
common brain activity translates into behavior encouraging self-harm is unknown.
Given the complexity of the human psyche forged by genes, environment, and
experience, it may not generalize to the population but only to the individual.
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Chapter 17
microRNA Function and Dysregulation
in Depression and Suicide

Yogesh Dwivedi

Abstract Major depressive disorder and suicide are major public health concerns.
Thus, there is a desperate need for identifying risk factors and noninvasive, reliable
biomarkers that can be used for early detection of depression, suicidality, and
treatment response. Recently, microRNAs (miRNAs) have emerged as an important
class of small noncoding RNAs that by binding to 3′UTR of mRNAs, suppress the
translation and/or stability of specific target genes. Since miRNAs show a highly
regulated expression, they contribute in the development and maintenance of a
specific transcriptome and thus have the unique ability to influence a wide range of
physiological and disease phenotypes. Recent studies demonstrating involvement
of miRNAs in several aspects of neural plasticity, stress response, and more direct
studies in human postmortem brain and peripheral blood cells provide strong evi-
dence that miRNAs not only can play a critical role in major depression and suicide
pathogenesis but can also open new avenues for the development of therapeutic
targets. In this chapter, these aspects have been discussed in a comprehensive
manner.

Major depression is one of the most prevalent psychiatric disorders. It affects about
17 % of Americans during their lifetime (Kessler et al. 1994) and is associated with
psychosocial impairment, poor quality of life, and significant disability (Murray and
Lopez 1997). Major depression is being diagnosed at early ages, and about 25 % of
people diagnosed with major depression are under 19 years old (Burke et al. 1991).
Although, much work has been done to characterize depressive disorder, about
40 % of depressed patients do not respond sufficiently to the currently available
medications (Fava and Davidson 1996). In addition, major depression is frequently
associated with suicidal behavior, which is a major cause of death and morbidity
worldwide (Mulrow et al. 1999). Nevertheless, the molecular and cellular mecha-
nisms underlying major depression and suicidal behavior are still not well
understood.
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Alterations have been consistently shown in expression of genes that are critical
in synaptic and structural plasticity in depression and suicide (Dwivedi et al. 2001,
2006, 2009a; Leistedt and Linkowski 2013; Ota and Duman 2013). In addition,
altered structural and functional plasticity (Ongur et al. 1998; Cotter et al. 2001),
changes in the synaptic circuitry (Aganova and Uranova 1992), impaired synaptic
connectivity (Honer 1999), changes in number and shape of dendritic spines (Toni
et al. 1999), altered dendritic morphology of neurons in hippocampus, and
decreased length and number of apical dendrites (McEwen 2000) have been
reported during stress, depression, and in suicidal subjects. The molecular mech-
anisms that underlie such compromised neural plasticity and structural impairments
in these disorders are not clearly understood and no single mechanism appears to be
responsible for its etiopathogenesis; however, it is becoming increasingly evident
that these disorders may result from disruptions across whole cellular signaling
networks, leading to aberrant information processing in the circuits that regulate
mood, cognition, and neurovegetative functions (Leistedt and Linkowski 2013).

In recent years, the emergence of small noncoding RNAs as a meta controller of
gene expression has gained much attention in various disease pathophysiologies.
Among a number of noncoding RNAs, miRNAs are the most studied and well
characterized and have emerged as a major regulator of neural plasticity and higher
brain functioning (Dwivedi et al. 2011a; Im and Kenny 2012). miRNAs regulate
about 60 % of total mammalian RNAs and are involved in virtually all biological
functions (Malphettes and Fussenegger 2006). These miRNAs are expressed highly
in neurons, and because they can regulate the expression of a large number of target
mRNAs, neuronal miRNA pathways can create an extremely powerful mechanism
to dynamically alter the protein content of neuronal compartments (Schratt 2009;
Hussain 2012).

A large body of evidence demonstrates the role of miRNAs in neuropsychiatric
diseases, such as schizophrenia, autism, Parkinson’s disease, Huntington’s disease,
Tourette’s syndrome, Fragile X syndrome, DiGeorge syndrome, and Alzheimer’s
disease. The role of miRNAs in depression and suicidal behavior is still in its
infancy; however, several lines of evidence, including clinical and preclinical,
demonstrate that miRNAs may play a major role in the development of stress-
related disorders including depression and suicidal behavior. An understanding of
how miRNAs can contribute to CNS disorders begins with knowledge of their
biogenesis.

17.1 miRNA Biogenesis

miRNA biogenesis occurs in the nucleus (Fig. 17.1). miRNAs are encoded within
primary miRNA (pri-miRNA) gene transcripts that could be inter- or intragenic.
miRNA genes are transcribed to long primary miRNA by RNA polymerase II or III.
The pri-miRNAs are then processed by RNase III enzyme Drosha to form small
hairpin miRNA precursors (pre-miRNAs) that are generally 60–100 nt long and
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fold into a stem-loop structure. This process requires DiGeorge syndrome critical
region 8 (DGCR8) protein as a cofactor. Together with DiGeorge, Drosha forms a
large complex known as the “microprocessor complex.” Drosha removes the

Fig. 17.1 miRNA biogenesis. miRNAs are encoded in the genome (inter or intragenis) and
transcribed by RNA polymerase II to generate primary microRNA (pri-miRNA). These pri-
miRNAs are taken up by Drosha/DGCR8, which catalyzes the formation of precursor miRNA
(pre-miRNA). pre-miRNA is then exported to cytoplasm by Exportin5 in conjunction with Ras-
related nuclear protein, RanGTP. In the cytoplasm, pre-miRNA is cleaved into miRNA:miRNA*
duplex by Dicer/Tar RNA-binding protein (TRBP) or PKR activating protein (PACT). One of these
miRNA/miRNA* duplexes is discarded and the other one is loaded onto an Argonaute homolog
protein (Ago, isoforms of eIF2c) to generate the effector complex, known as RNA-induced
silencing complex (RISC). The RISC complex directs miRNA to specific “short-seed” sequences
located predominantly within the 3-UTR region of the target mRNA. This leads to degradation or
translational inhibition
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flanking segments and *11 bp stem region of the pri-miRNA. The pre-miRNAs
are then transported out of the nucleus via the exportin transfer system, which
consists of Exportin 5 and RanGTP. Pre-miRNAs are released to cytoplasm upon
hydrolysis of GTP to GDP. The pre-miRNAs are further processed in the cytoplasm
by RNase III enzyme Dicer, which coverts pre-miRNAs into double-stranded
mature small RNAs (miRNA/miRNA* duplexes) of approximately 22 nt long
(Chendrimada et al. 2005). Dicer requires cofactors such as TAR RNA-binding
protein (TRBP) or PKR-activating protein (PACT). One of the miRNA/miRNA*
duplexes is loaded onto an Argonaute homolog protein (Ago, isoforms of eIF2c) to
generate the effector complex, known as RNA-induced silencing complex (RISC).
The other miRNA* strand is degraded (Fig. 17.1).

17.2 Possible Mechanisms of miRNA Regulation of Target
Genes

RISC is critical in recognizing specific “short-seed” sequences located predomi-
nantly within the 3′ untranslated region (3′UTR) of target mRNAs. The binding of
RISC to these short-seed sequences leads to interference in the translation of mRNA.
miRNA-mediated translational inhibition also depends upon the 5′cap region of the
target mRNA. Ago proteins can stimulate miRNA-dependent inhibition of transla-
tion by competing with elongation factor eIF4E for the 5′cap binding site, thus
preventing circularization of mRNA and lowering initiation efficiency (Mathonnet
et al. 2007). Because the RISC/miRNA complex recognizes target mRNA on a seed
region containing 2–8 nucleotides at the 5′end of mRNA, it provides a mechanism
by which one miRNA can target several mRNAs (Brodersen and Voinnet 2009).
RISC can also associate with 60S ribosome and eIF6 (Chendrimada et al. 2007).
eIF6 regulates the formation of the transnationally active 80S subunit. By regulating
eIF6, miRNAs can modify polysome formation and expose target mRNAs for
degradation (Chendrimada et al. 2007). In certain cases, miRNAs may actually
enhance, rather than inhibit, translation (Vasudevan et al. 2007). miRNA-mediated
regulation of mRNA stability is another mechanism by which miRNAs suppress
expression of specific mRNA (Wu et al. 2006).

Besides regulating translational process, it has been shown that miRNA can also
regulate gene transcription by targeting transcription factors. In this case, levels of
transcription factors are downregulated by miRNAs, which in turn cause less
expression of mRNA, leading to reduced protein synthesis (Kosik 2006; Michalak
2006). miRNA biogenesis can also be regulated at the epigenetic level (Tardito et al.
2013). For example, inhibitors of DNA methylation and histone deacetylases can
affect expression of several miRNAs (Chuang and Jones 2007). On the other hand, a
subset of miRNAs can control the expression of epigenetic regulators, such as DNA
methyltransferases, histone deacetylases, and polycomb group genes, leading to
transcriptional activation of protein coding gene sequences (Sato et al. 2011).
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Table 17.1 miRNAs implicated in depression and suicide

miRNAs Effects References

Restraint stress Frontal cortex: miR-9, miR-9*, miR-26b,
miR-29b, miR-30b, miR-30c, miR-30e,
miR-125a, miR-126-3p, miR-129-3p, miR-
207, miR-212, miR-351, miR-423, miR-
487b, miR-494, miR-690, miR-691, miR-
709, miR-711, and Let-7 a-e let-7a, miR-9,
miR-26a/b, miR-30b/c, and miR-125a

Rinaldi et al.
(2010)

Immobilization stress Hippocampus CA1, amygdala: miR-134,
miR-183, miR-132, Let-7a-1, miR-9-1, and
miR-124a-1

Meerson et al.
(2010)

Unpredictable chronic mild
stress

Hippocampus: miR298, miR-130b, miR-
135a, miR-323, miR-503, miR-15b, miR-
532, and miR-125a and up-regulating
miRNAs miR7a, miR-212, miR-124, miR-
139, and miR-182

Cao et al.
(2013)

Animal model of behavioral
depression

Learned helpless versus control: mmu-miR-
184, mmu-miR-197, mmu-miR-107, mmu-
miR-329, mmu-miR-125a-5p, mmu-miR-
872, mmu-miR-181c, mmu-miR-18a*,
mmu-miR-29b*, mmu-let-7a*, rno-let-7e*,
rno-miR-20a*

Smalheiser
et al. (2011)

Postmortem brain study in
depressed suicide subjects

Prefrontal cortex: downregulation of hsa-
miR-142-5p, hsa-miR-33a, hsa-miR-137,
hsa-miR-489, hsa-miR-148b, hsa-miR-101,
hsa-miR-324-5p, hsa-miR-301a, hsa-miR-
146a, hsa-miR-335, hsa-miR-494, hsa-miR-
20b, hsa-miR-376a*, hsa-miR-190, hsa-
miR-155, hsa-miR-660, hsa-miR-552, hsa-
miR-453, hsa-miR-130a, hsa-miR-27a, hsa-
miR-497, hsa-miR-10a, hsa-miR-20a, hsa-
miR-142-3p

Smalheiser
et al. (2012)

Postmortem brain study in
suicide completers

Hsa-miR-185 inversely correlated with
TrkB.T1

Maussion
et al. (2012)

Postmortem brain study in
suicide completers

miR-139-5p, miR-320c, inversely correlated
with polyamine gene SAT1 and miR34c-5p
and miR-320c inversely correlated with
polyamine gene SMOX

Lopez et al.
(2014)

Blood mononuclear cell
study in depressed patients

Differential regulation of has-miR-107, miR-
133a, miR-148a, miR-200c, miR-381, miR-
425-3p, miR-494, miR-517b, miR-579,
miR-589, miR-636, miR-652, miR-941, and
miR-1243

Belzeaux
et al. (2012)

Whole blood cells
(12 weeks of treatment with
escitalopram)

Differential regulation of Hsa-miR-130b,
hsa-miR-505, hsa-miR-29b-2, hsa-miR-26b,
hsa-miR-22, hsa-miR-26a, hsa-miR-664,
hsa-miR-494, hsa-let-7d, hsa-let-7 g, hsa-let-
7e, hsa-miR-34c-5p, hsa-let-7f, hsa-miR-

Bocchio-
Chiavetto
et al. (2013)

(continued)
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17.3 miRNAs and Synaptic Plasticity

17.3.1 Synaptic Plasticity and Regulation of BDNF
and CREB by miRNAs

miRNAs play a critical role in regulating synaptic plasticity, a putative core feature
of depression pathophysiology. Knocking down the RNase III enzyme Dicer leads
to reduction in neuronal size, and branching, as well as aberrant axonal pathfinding
(Davis et al. 2008; De Pietri Tonelli et al. 2008; Schaefer et al. 2007). DGCR8
knockout mice show a loss of synaptic connectivity, reduced number, and size of
the dendritic spines (Olde Loohuis et al. 2012; Stark et al. 2008), and interestingly,
impaired spatial working memory-dependent tasks (Stark et al. 2008). Such
memory deficits are often associated with depressive symptoms. FMRP, which
regulates protein synthesis in dendritic spines after binding with specific sites within
the 3′UTR of certain mRNAs in concert with RISC components Ago1and Dicer
(Jin et al. 2004; Qurashi et al. 2007), is also associated with learning, memory, and
associated long-term potentiation (LTP). For example, the RISC protein armitage is
essential for LTP and synaptic protein synthesis and is cleaved during the learning
process (Ashraf et al. 2006).

FMRP is associated with miR-132 and miR-125b in the brain. miR-132 over-
expresion increases dendritic protrusion as well as branching (Wayman et al. 2008),
whereas miR-125b targets NR2A mRNA and regulates synaptic plasticity in a
negative fashion (Edbauer et al. 2010). Similar negative regulation of the size of
dendritic spines in rat hippocampal neurons has been shown to be associated with
miR-138 as well as miR-134. miR-138 controls the expression of acyl protein

Table 17.1 (continued)

miRNAs Effects References

629, hsa-miR-106b, hsa-miR-103, hsa-miR-
191, hsa-miR-128, hsa-miR-502-3p, hsa-
miR-374b, hsa-miR-132, hsa-miR-30d, hsa-
miR-500, hsa-miR-770-5p, has-miR-589,
hsa-miR-183, hsa-miR-574-3p, hsa-miR-
140-3p, hsa-miR-335, hsa-miR-361-5p

Serum of depressed patients miR-132 and miR-182 were inversely
correlated with BDNF gene expression

Li et al.
(2013)

Genetic studies in
depression and suicide
subjects

DGCR8 rs3757 was associated with
increased risk of suicidal tendency and
improvement response to antidepressant
treatment, whereas the variant of AGO1
rs636832 showed decreased risk of suicidal
tendency, suicidal behavior, and recurrence.
DGCR8 rs3757 and AGO1 rs636832 were
found to have significant association with
depression

He et al.
(2012)
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thioesterase 1 (APT1), an enzyme regulating the palmitoylation status of proteins
that are known to function at the synapse (Siegel et al. 2009). miR-134 additionally
inhibits translation of Lim-domain-containing protein kinase 1 (Limk1) (Schratt
et al. 2006), a protein that regulates dendritic spine growth (Meng et al. 2004).
Exposure to BDNF relieves the suppression of Limk1 translation caused by miR-
134. miR-134 can also promote denditogenesis by inhibiting translational repressor
Pumilio2 (Fiore et al. 2009). This is consistent with the finding that BDNF has been
shown to be lower in brains of depressed suicide subjects (Dwivedi et al. 2003a,
2009a).

Several studies have demonstrated that CREB, a key transcription factor regu-
lating synaptic plasticity and whose expression is lower in depressed and suicidal
brain (Dwivedi et al. 2003b) is one of the major targets of several miRNAs (Vo
et al. 2005). Conversely, many miRNAs have binding sites in their promoter
regions for CREB (Wu and Xie 2006). Expression of miR-132, which enhances
neurite outgrowth, dendritic morphogenesis, and spine formation (Vo et al. 2005;
Impey et al. 2010), is induced by BDNF via CREB. Another miRNA, miR-124,
which plays a significant role in maintaining neuronal cell identity, is a major target
of CREB. Interestingly, miR-124 is rapidly and robustly regulated by 5-HT, which
selectively affects mature miR-124 levels, without affecting its precursor, sug-
gesting that the miR-124 level may be regulated during Dicer processing or RISC
incorporation and stabilization by Ago (Rajasethupathy et al. 2009). miR-124
responds to serotonin by de-repressing CREB and thereby enhances serotonin-
dependent long-term facilitation (Rajasethupathy et al. 2009). More recently, it has
been shown that expression of SIRT1 gene, which modulates synaptic plasticity and
memory formation, is altered via posttranscriptional regulation of CREB by miR-
134 (Gao et al. 2010). Conversely, SIRT1 inhibits the expression of miR-134 via a
repressor complex containing the transcription factor YY1. Unchecked miR-134
expression after SIRT1 deficiency may result into the reduced expression of CREB
and BDNF, whereas knocking down miR-134 rescues LTP and memory impair-
ment caused by SIRT1 deficiency (Gao et al. 2010).

CREB- and activity-regulated miR132 is necessary for hippocampal spine for-
mation (Impey et al. 2010). Expression of the miR-132 target, p250GAP, is
inversely correlated with miR-132 and spinogenesis. Knockdown of p250GAP
increases spine formation while introduction of a p250GAP mutant unresponsive to
miR132 attenuates this activity. Inhibition of miR132 decreases both mEPSC fre-
quency and the number of GluR1-positive spines, while knockdown of p250GAP
has the opposite effect. Additionally, miR132/p250GAP circuit regulates Rac1
activity and spine formation by modulating synapse-specific Kalirin7-Rac1 sig-
naling. These studies suggest that neuronal activity regulates spine formation, in
part, by increasing miR132 transcription, which in turn activates a Rac1-Pak actin
remodeling pathway (Impey et al. 2010). Behaviorally, it has been shown that
overexpression of miR-132 in the rat perirhinal cortex impairs short-term recog-
nition memory, which is associated with a reduction in both long-term depression
and long-term potentiation (Scott et al. 2012).
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17.3.2 Synaptic miRNAs: Direct Regulator of Plasticity

Synaptic efficacy is critically dependent upon regulation of specific protein syn-
thesis near or within synapse (Weiler et al. 1997; Todd et al. 2003; Sutton and
Schuman 2005). miRNAs provide fascinating mechanisms of regulating synaptic
efficacy and plasticity by modifying translational control of protein synthesis locally
at the synapse. Synaptic enrichment of miRNAs in mouse forebrain synaptosomes
has extensively been characterized (Lugli et al. 2005; Smalheiser 2008). These
studies show that a significant subset of miRNAs is highly enriched in synaptic
fractions relative to total homogenate. These synaptic-enriched miRNAs were
biologically distinct from synaptic-depleted miRNAs, both in their expression
patterns (synaptic-enriched miRNAs are expressed primarily in pyramidal neurons,
whereas synaptic-depleted miRNAs tend to have widespread and abundant tissue
expression) and in their evolutionary histories (synaptic-enriched miRNAs tend to
be evolutionarily new, often mammalian-specific, whereas the synaptic-depleted
miRNAs tend to be highly conserved across vertebrates). Interestingly, the synaptic
enrichment was not simply related to specificity of miRNA expression within
neurons, rather, they arise from precursors that are expressed in the synaptic
fractions and associated tightly with post-synaptic density (PSD) (Smalheiser
2008). Furthermore, synaptic enrichment of miRNAs has been shown to be related
to structural features of their precursors, suggesting a basis by which pre- or pri-
miRNA may be selectively and stably transported to dendrites (Budhu and Wang
2010). Because both dicer and pre-RNAs are expressed in synaptic fractions and are
strongly associated with PSDs, it suggests that at least a portion of the mature
miRNAs is locally processed near synapses. Because of the critical feature of
miRNAs to regulate gene circuitry locally at the synapse in an activity-dependent
fashion, one can modulate synaptic efficacy by modulating miRNA functions at the
synapse and consequently synaptic plasticity. This provides unique opportunity at
therapeutic level, where regulation of miRNA can be used to control plasticity at the
synapse.

17.4 miRNAs and Stress

Glucocorticoids regulate the hypothalamic-pituitary adrenal axis through a negative
feedback mechanism while binding to soluble glucocorticoid receptors (GRs) in the
pituitary and the hypothalamus and inhibit the release of corticotropin-releasing
factor and adrenocorticotropic hormone. Expression of GRs are downregulated in
depressed individuals (Pariante and Miller 2001). GR protein is under constant
regulation by miRNAs (Vreugdenhil et al. 2009); specifically, miR-124a and miR-
18a bind to 3′UTR of GR gene and downregulate its expression (Vreugdenhil et al.
2009). Overexpression of miR-18a attenuates glucocorticoid-induced leucine
zipper, a gene induced by stress-like levels of glucocorticoid. Interestingly, Uchida
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et al. (2008) found that miR-18a-mediated downregulation of GR translation is
important in susceptibility to stress. Turner et al. (2010) recently predicted several
possible miRNA binding sites within the GR first exon, suggesting regulation of
GR genes by miRNAs.

Several types of stressors have been utilized to examine how miRNAs respond
to these stressors. Using unpredictable chronic mild stress combined with separa-
tion, Cao et al. (2007) found changes in 13 specific miRNAs in rat hippocampus.
These include: downregulating miRNAs miR298, miR-130b, miR-135a, miR-323,
miR-503, miR-15b, miR-532, and miR-125a and upregulating miRNAs miR7a,
miR-212, miR-124, miR-139, and miR-182. Among these, miR-125a and miR-182
recovered to normal after intervention with antidepressant medication.

Acute and chronic restrained stress cause differential changes in expression of
miRNAs in a brain region-specific manner (Rinaldi et al. 2010). For example, acute
stress induces a transient increase in the expression of miR-9, miR-9*, miR-26b,
miR-29b, miR-30b, miR-30c, miR-30e, miR-125a, miR-126-3p, miR-129-3p, miR-
207, miR-212, miR-351, miR-423, miR-487b, miR-494, miR-690, miR-691, miR-
709, miR-711, and Let-7 a-e in the frontal cortex but not in hippocampus. Some of
these miRNAs (let-7a, miR-9, miR-26a/b, miR-30b/c, and miR-125a) show
increase in their expression 5 days after acute stress. Interestingly, their expression
levels are not altered after repeated restraint. These results suggest that acute stress
modulates miRNA expression rapidly to external stimuli, which could be due to
altered synaptic efficacy through regulation of localized mRNA translation.

Using chronic immobilization stress paradigms, Meerson et al. (2010) also found
that the expression of several miRNAs was differentially altered in the central
amygdala and the CA1 region of the hippocampus of rats during acute and chronic
stress; chronic stress causing much larger changes than acute stress. Some of the
miRNAs that were altered during acute and chronic stress include: miR-134, miR-
183, miR-132, Let-7a-1, miR-9-1, and miR-124a-1. Interestingly, except for miR-
Let-7a-1, the expression of stress-responsive miRNAs were different in the two
analyzed brain regions. In the CA1 region, miR-376b and miR-208 increased
whereas miR-9-1 decreased under both acute and chronic stress conditions. Stress-
responsive miR-134 and miR-183 target many splicing factors, such as SC35,
SRP46, and SFRS11. SC35 promotes the alternative splicing of acetylcholines-
terase from the synapse-associated isoform AChE-S to soluble AChE-R protein and
the expression of SC35 is increased during stress. Thus, by regulating splicing
factors and their targets, miR-183 and miR-134 may modify both alternative
splicing and cholinergic neurotransmission in the stressed brain. In addition, one of
the targets of miR-183 is profilin 2 mRNA, which regulates dendritic spine mor-
phology in neurons. Interestingly, neurotransmitter homeostasis and behavior are
severely affected in profilin 2 knockdown mice (Witke 2004) and PFN2 expression
is increased in lymphoblastoid cell lines of monozygotic twin pairs discordant for
bipolar disorder (Matigian et al. 2007).
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17.5 miRNAs in Animal Models Depression-Like Behaviors

An individual’s ability to cope with stress is critical in the development of
depression. miRNA expression was recently examined in frontal cortex of rats
which developed behavior (learned helpless [LH]) that resembles stress-induced
depression and in at those which did not develop depression-like symptoms (non-
learned helpless [NLH]) despite similar exposure to inescapable shock (Smalheiser
et al. 2011). NLH rats showed a robust adaptive miRNA response to inescapable
shocks whereas LH rats showed a markedly blunted miRNA response. One set of
miRNAs showed large, significant, and consistent alterations in NLH rats, con-
sisting of miR-96, miR-141, miR-182, miR-183, miR-183*, miR-198, miR-200a,
miR-200a*, miR-200b, miR-200b*, miR-200c, and miR-429. All were downreg-
ulated in NLH rats relative to tested controls (no-shock group), and all showed a
blunted response in LH rats. These miRNAs were encoded at a few shared poly-
cistronic loci, suggesting that their downregulation was coordinately controlled at
the level of transcription. Most of these miRNAs have previously been shown to be
enriched in synaptic fractions (Lugli et al. 2008). Moreover, almost all of these
miRNAs share 5′-seed motifs with other members of the same set, suggesting that
they will hit similar or overlapping sets of target mRNAs. Interestingly, half of this
set are predicted to hit CREB1 as a target, and binding sites for CREB lie upstream
of miR-96, miR-182, miR-183, miR-200a, miR-200b, miR-200c, miR-220a*, and
miR-200b*. This suggests that a similar feedback loop arrangement may also exist
for CREB as well, similar to what has been described for other CREB-stimulated
miRNAs and target genes (Wu and Xie 2006). Because these miRNAs are
downregulated in NLH rats, but not LH rats, this can be interpreted as a homeostatic
response intended to minimize repressive effects on CREB1. In addition, a large
core coexpression module was identified (Smalheiser et al. 2011), consisting of
miRNAs that are strongly correlated with each other across individuals of the LH
group, but not either the NLH or tested control group. The presence of such a
module implies that the normal homeostatic miRNA response to repeated ines-
capable shock is not merely absent or blunted in LH rats; rather, gene expression
networks are actively reorganized in LH rats, which may support their distinctive
persistent phenotype.

In further support of the suggestion that miRNAs can affect depressive-like
behavior, Enoxacin, a fluoroquinolone used clinically as an antibacterial compound
that also enhances the production of miRNAs in vitro and in peripheral tissues
in vivo, can affect depressive behavior. Treatment of rats with 10 or 25 mg/kg
enoxacin for 1 week increased the expression of miRNAs in frontal cortex and
decreased the proportion of rats exhibiting learned helpless behavior following
inescapable shock, suggesting that enoxacin may ameliorate depressive behavior,
possibly due to upregulation of miRNAs (Smalheiser et al. 2014).
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17.6 miRNAs in Depression and Suicide: Human
Postmortem Brain Studies

The role of miRNAs in depression and suicide is still in infancy and so far, there
have been only a handful of studies investigating the role of miRNAs in depression
and suicide. miRNA expression in prefrontal cortex of depressed subjects who died
by suicide was recently characterized (Smalheiser et al. 2012), finding that 21
miRNAs were significantly downregulated in the MDD group. 24 additional
miRNAs were downregulated by 30 %. Although not statistically significant, the
findings suggest a global downregulation of miRNAs levels in the MDD group.
When analyzed individually, almost half of the downregulated miRNAs were
encoded at chromosomal loci near another miRNA and are possibly transcribed by
the same pri-miRNA gene transcripts (miR-142-5p and 142-3p; miR-494, 376a*,
496, and 369-3p; miR-23b, 27b, and 24-1*; miR-34b* and 34c; miR-17* and 20a).
In addition, three pairs of miRNAs were encoded at distances greater than 100 kb
but still found to lie within the same chromosomal region (miR-424 and 20b at
Xq26.2-3, 377 kb apart; miR-142 and 301a at 17q22, 820 kb apart; miR-324-5p and
497 at 17p13.1, 205 kb apart). This suggests that at least some of the downregulated
miRNA expression is due to decreased transcription. Many of the downregulated
miRNAs also shared 5′-seed sequences that are involved in target recognition. For
example, identical seed sequences are shared by (a) miR-20a and 20b; (b) miR-
301a and 130a; and (c) miR-424 and 497. As well, a 6-mer nucleotide motif is
shared by miR-34a, 34b*, and 34c, and strikingly, a 5-mer motif (AGUGC) within
the 5′-seed is shared by five of the affected miRNAs (miR-148b, 301a, 130a, 20a,
and 20b) that is predicted to bind Alu sequences within the 3′-UTR region of target
mRNAs. This suggests that the downregulated miRNAs should exhibit extensive
overlap among their mRNA targets.

When pair-wise correlations were made (a complementary method of analyzing
the miRNA expression data is to identify pairs of miRNAs that are co-regulated in
their expression, up or down, across individuals within a single group), a set of 29
miRNAs were identified, none of which were pair-wise correlated in the normal
control group, but which formed a very extensive interconnected network in the
depressed group. Several of the miRNAs (let-7b, miR-132, 181b, 338-3p, 486-5p,
and 650) were “hubs” correlated with four to nine other miRNAs in the network.
Target analysis revealed that many of the targets are transcription factors, and
nuclear, transmembrane, and signaling proteins. Intriguingly, four different down-
regulated miRNAs target VEGFA (miR-20b, 20a, 34a, and 34b*), a molecule
implicated in depression in both humans and in animal models. Other validated
targets include BCL2 (miR-34a), DNMT3B (miR-148b), and MYCN (miR-101,
34a). Among predicted targets, estrogen receptor alpha, ESR1, was predicted to be
targeted by three different downregulated miRNAs (miR-148b, 301a, and 496).
Others targeted by three or more affected miRNAs include ubiquitin ligases
(UBE2D1 and UBE2 W), signal transduction mediators (CAMK2G, AKAP1), the
splicing factor NOVA1 that regulates brain-specific alternative splicing; the
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GABA-A receptor subunit GABRA4; calcium channel CACNA1C; and brain-
active transcription factors including SMAD5, MITF, BACH2, MYCN, and
ARID4A. Several of these predicted targets interact with validated targets; for
example, ARIA4A binds E2F1; SMAD5 binds RUNX1; and estradiol treatment
decreases E2F1 levels in prefrontal cortex (Wang et al. 2004). BACH2 transcription
factor binding sites have been identified upstream of many brain-expressed miR-
NAs (Wu and Xie 2006). Retinoblastoma binding protein 1 (ARIA4A) is of interest
because it recruits histone deacetylases and regulates gene expression via chro-
matin-based silencing.

Selected target proteins such as DMNT3b, VEGFA, and BCL2 were studied by
examining their expression in depressed suicide brain. DMNT3b was strongly
upregulated in the depressed suicide group, whereas BCL2 was downregulated.
Several miRNAs that were coregulated with their targets showed a strong positive
correlation with DMNT3b and BCL2. A variety of factors such as transcription
factor activity and turnover rate, as well as possible regulatory effects of other
miRNAs may also be responsible for changes in mean expression levels of these
target proteins. In addition, DNMT3b levels showed an extremely strong positive
correlation with miR-148b across subjects (r = 0.91 in controls, r = 0.94 in the
depressed suicide group). Similarly, BCL2 was strongly and positively correlated
with miR-34a (r = 0.92 in healthy controls, r = 0.82 in the depressed suicide group).
The correlation of miR-34a was positive in healthy controls, but inverse in the
depressed suicide group, presumably reflecting a reorganization of miRNA-target
networks (Smalheiser et al. 2012).

Previous studies indicate that TrkB-T1, a BDNF receptor lacking a tyrosine
kinase domain that is highly expressed in astrocytes and regulates BDNF-evoked
calcium transients, is downregulated in frontal cortex of suicide subjects (Ernst
et al. 2009, 2011). In a recent study, Maussion et al. (2012) examined whether this
TrkB-T1 gene is regulated by miRNAs. The investigators found that Hsa-miR-185*
and Hsa-miR-491-3p were upregulated in suicide completers with low expression
of TrkB.T1 (P(nominal): 9.10(−5) and 1.8.10(−4), respectively; FDR-corrected
p = 0.031). Bioinformatic analyses revealed five putative binding sites for the
DiGeorge syndrome-linked miRNA Hsa-miR-185*in the 3′UTR of TrkB-T1, but
none for Hsa-miR-491-3P. The increase of Hsa-miR-185* in frontal cortex of
suicide completers was validated then confirmed in a larger, randomly selected
group of suicide completers, where an inverse correlation between Hsa-miR-185*
and TrkB-T1 expression was observed (R = −0.439; p = 0.001). Silencing and
overexpression studies performed in human cell lines confirmed the inverse rela-
tionship between hsa-mir-185* and trkB-T1 expression. Luciferase assays dem-
onstrated that Hsa-miR-185* binds to sequences in the 3′UTR of TrkB-T1. These
results suggest that an increase of Hsa-miR-185* expression levels regulates, at
least in part, the TrkB-T1 decrease observed in the frontal cortex of suicide
completers and further implicate the 22q11 region in psychopathology.

Alterations in metabolic enzymes of the polyamine system have been reported to
play a role in predisposition to suicidal behavior (Fiori et al. 2011). Recently, Lopez
et al. (2014) examined whether dysregulation of polyamine genes in depressed
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suicide completers could be influenced by miRNA post-transcriptional regulation.
These investigators identified several miRNAs that target the 3′UTR of polyamine
genes SAT1 and SMOX.When the expression of 10 miRNAs in the prefrontal cortex
of suicide completers and controls using qRT-PCR were profiled, they found that
several miRNAs showed significant up-regulation in the prefrontal cortex of suicide
completers compared to psychiatrically-healthy controls (miR-124, miR-139-5p,
miR-195, miR-198, miR-320c, miR-33b, miR-34a, miR-34c-5p, miR-497, miR-
873). However, they found that only miR-139-5p, miR-320c were inversely corre-
lated with polyamine gene SAT1 whereas miR34c-5p and miR-320c were inversely
correlated with polyamine gene SMOX. These results suggest a relationship between
miRNAs and polyamine gene expression in the suicide brain, and postulate a
mechanism for SAT1 and SMOX down-regulation by post-transcriptional activity
of miRNAs.

17.7 miRNAs in Clinical Diagnosis of Depression
and Suicidal Behavior: Role of Circulating miRNAs

miRNA can be detected in circulating biological fluids such as serum, plasma,
urine, saliva, and CSF (Cogswell et al. 2008; Hanke et al. 2010; Weber et al. 2010).
Under healthy conditions, these miRNAs are stably expressed in blood cells;
however, under pathological conditions, the profile of miRNAs changes signifi-
cantly, suggesting that peripheral miRNAs can possibly be used as a reliable bio-
marker under disease conditions. Recently, blood cell miRNAs have been shown to
be extremely useful for detecting and following the course of human cancer,
myocardial infarction, and neurodegenerative conditions, including Alzheimer’s
disease, Parkinson disease, Huntington disease, and prion disease (Chen et al. 2008;
Fichtlscherer et al. 2010; Ma et al. 2013; Dorval et al. 2013; Jin et al. 2013).

Circulating miRNAs arise from heterogeneous sources and are expressed within
different compartments of blood. For neuropsychiatric perspective, it is imperative
to characterize miRNAs in blood cells that are brain derived. In this respect, it has
been shown that miRNAs can be released actively or passively from neurons into
the circulating blood (Fichtlscherer et al. 2010). These miRNAs are enclosed in
exosomes or microvesicles and are protected by RNA-binding proteins.

The use of miRNAs as peripheral biomarker in depression is gaining momen-
tum. Belzeaux et al. (2012) examined the miRNA expression profile in peripheral
blood mononuclear cells (PBMCs) collected from 16 severely depressed patients
and 13 matched controls at baseline, 2 and 8 weeks after treatment. miRNAs that
showed changes between depressed and controls at baseline included: has-miR-
107, miR-133a, miR-148a, miR-200c, miR-381, miR-425-3p, miR-494, miR-517b,
miR-579, miR-589, miR-636, miR-652, miR-941, and miR-1243. Only 2 miRNAs
showed stable overexpression in depressed patients during the 8-week follow-up
compared with controls (miR-941 and miR-589). They also identified miRNAs
exhibiting significant variations of expression among patients with clinical

17 microRNA Function and Dysregulation in Depression … 285



improvement (7 upregulated and 1 downregulated). Fourteen dysregulated miRNAs
had putative mRNA targets that were differentially expressed in depressed subjects,
suggesting a common RNA regulatory network functions in depression. These
results also suggest the potential utility of miRNA signatures as markers of
depressive episode evolution.

Bocchio-Chiavetto et al. (2013) conducted a whole-miRNome quantitative
analysis in the blood of 10 MDD subjects after 12 weeks of treatment with escita-
lopram. They found that 30 miRNAs were differentially expressed after the
escitalopram treatment: 28 miRNAs were upregulated, and 2 miRNAs were
downregulated. Thirteen of them (let-7d, let-7e, miR-26a, miR-26b, miR-34c-5p,
miR-103, miR-128, miR-132, miR-183, miR-192, miR-335, miR-494, and miR-22)
play a role in the neural plasticity and stress response and in the pathogenetic
mechanisms of several neuropsychiatric diseases. miR-132 exerts critical functions
in the biological circuits implicated in neurogenesis and synaptic plasticity, stimu-
lating axonal and dendritic outgrowth in different brain areas (Mellios et al. 2011).
This miRNA, together with miR-26a, miR-26b, and miR-183, widely contributes to
the action of the neurotrophin BDNF in the brain (Wayman et al. 2008; Caputo et al.
2011; Kawashima et al. 2010). miR-132, miR-26a, miR-26b, miR-183, let-7d, let-
7e, miR-26b, miR-103, miR-128, miR-494, and miR-22 have been reported to play a
role in the pathogenesis of psychiatric disorders and in the mechanism of action of
antipsychotic drugs and mood stabilizers. Moreover, postmortem studies in the
brains of bipolar disorder patients show increased levels of miR-22* in the prefrontal
cortex (Kim et al. 2010). On the other hand, miR-494 and miR-335 are downreg-
ulated in the prefrontal cortex of depressed suicide patients (Smalheiser et al. 2012).
The target genes of these altered miRNAs include: BDNF, GR, NR3C1, and the
nitric oxide synthase NOS1, growth factors (IGF1, FGF1, FGFR1, VEGFa, and
GDNF), calcium channels (CACN41C, CACNB4, SLC6A12, and SLC8A3), and
neurotransmitter receptors (GABRA4 and 5-HT4), some of which have been
implicated depression and in the mechanism of action of antidepressants. These
studies suggest that miRNAs can not only be used to diagnose but can also be used
for treatment response.

More recently, He et al. (2012) studied an association between miRNA pro-
cessing gene variants and depression. They genotyped three polymorphisms from
three miRNA processing genes (DGCR8, AGO1, and GEMIN4) in a case-control
study including 314 patients and 252 matched healthy controls. Frequencies of
genotypes and alleles showed significant difference between patients with depres-
sion and healthy controls in DGCR8 rs3757 and AGO1 rs636832. An allele fre-
quency was significantly higher in rs3757 and lower in rs636832, respectively.
Variant allele of DGCR8 rs3757 was associated with increased risk of suicidal
tendency and improvement response to antidepressant treatment, whereas the var-
iant of AGO1 rs636832 showed decreased risk of suicidal tendency, suicidal
behavior, and recurrence. Whereas allele frequency showed a significant difference
when compared patients with remission to controls, no significant differences were
found in GEMIN4 rs7813 between patients and healthy controls. DGCR8 rs3757
and AGO1 rs636832 were found to have significant association with depression,
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and GEMIN4 rs7813 did not affect susceptibility to depression. These observations
suggested that miRNA processing polymorphisms may affect depression risk and
treatment.

Depression has been linked with disruption in circadian rhythms, and sleep
disturbance is a key symptom in affective disorders (Salgado-Delgado et al. 2011).
A SNP in miR-182 has been found to be associated with late insomnia in patients
with depression. Patients with this SNP had downregulated expression of genes
linked to circadian rhythm like Clock that previously had been associated with
affective disorders (Serretti et al. 2003).

In a recent study, Li et al. (2013) identified and characterized the roles of BDNF
and its putative regulatory miRNAs in depression. They identified that miR-182
may be a putative miRNA that regulates BDNF levels, and characterized the effects
of miR-182 on the BDNF levels using cell-based studies, side by side with miR-132
(a known miRNA that regulates BDNF expression). They showed that treatment of
miR-132 and miR-182, respectively, decreased the BDNF protein levels in a human
neuronal cell model, supporting the regulatory roles of miR-132 and miR-182 on
the BDNF expression. Furthermore, they explored the roles of miR-132 and miR-
182 on the BDNF levels in depression using human subjects by assessing their
serum levels. Compared with the healthy controls, patients with depression showed
lower serum BDNF levels and higher serum miR-132 and miR-182 levels. They
also found that there was a significant negative correlation between the Self-Rating
Depression Scale score and serum BDNF levels, and a positive correlation between
the Self-Rating Depression Scale score and miR-132 levels. In addition, a reverse
relationship between the serum BDNF levels and the miR-132/miR-182 levels in
depression was found. Collectively, this study suggests that miR-182 is a putative
BDNF-regulatory miRNA and serum BDNF and its related miRNAs may be uti-
lized as important biomarkers in the diagnosis or as therapeutic targets of
depression.

17.8 Conclusion and Future Directions

The measurement and suggested involvement of miRNAs in depression and sui-
cidal behavior is a relatively new field of study. However, the above described
studies strongly implicate miRNAs participation in the pathogenesis, expression,
severity, and treatment-response in these disorders (Table 17.1). The majority of the
studies examined miRNAs linking to individual genes. However, it is now estab-
lished that a combination of miRNAs is much more powerful regulator than indi-
vidual miRNAs and differential co-expression of a group of miRNAs not only play
a direct role in human disease pathophysiology, but they also help in identifying the
nature of disordered pathways implicated in such pathophysiology (Stäehler et al.
2012; Xu et al. 2011; Mo et al. 2009). Thus, by examining sets of miRNAs that are
significantly affected in the pathological group, and the corresponding set of
mRNAs that are affected in the same samples, will help further clarify this issue.
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One can also consider identifying set(s) of miRNAs that are not correlated in
expression across individuals in the healthy control group, yet are positively cor-
related in the pathogenic group and vice versa.

It is important to determine whether the changes in miRNA/mRNA network are
similar or different across different brain areas and more so, whether they are cell
type-specific, and are reversible. Also important is to examine the potential reasons
for altered miRNA expression. Is it because of genetic changes in the promoter
region upstream of primary miRNA gene transcripts, the pre-miRNA hairpin, or the
mature miRNA or due to RNA editing of transcripts or epigenetic suppression of
the chromosomal region encoding the miRNAs? A variety of enzymes are
responsible for processing miRNAs. These include drosha, dicer, and cofactors
DGCR8, TRBP, and PACT. Several of these proteins have been shown to be
modified post-translationally in a dynamic manner. For example, altering the rel-
ative expression of eIF2c may change the efficiency of translational arrest produced
by a given miRNA (Azuma-Mukai et al. 2008). Recently, it has been shown that
dicer is activated by proteolytic cleavage under conditions of elevated calcium
levels (Lugli et al. 2005; Smalheiser 2008); and eIF2C undergoes reversible
phosphorylation within cells, which is required for its translocation to processing
bodies (Zeng et al. 2008). The phosphorylation of eIF2C appears to be due to
activation of ERK1/2 (Zeng et al. 2008). Since abnormalities in calcium-sensing
proteins and ERK1/2 signaling in the brain of depressed suicide subjects has been
shown (Dwivedi et al. 2001, 2006, 2009b, 2011b), it will be worthwhile asking
whether dicer cleavage patterns or eIF2C phosphorylation are altered in the these
subjects. One can also examine whether there is any genetic link between miRNA
and depression and suicide. Such genetic linkage has been reported in specific
miRNAs in schizophrenia (Mellios and Sur 2012).

The presence of miRNAs in peripheral tissues, particularly, in blood cells pro-
vide promising approach to use miRNAs as potential biomarker for both diagnosis
and treatment response. There are several issues that need consideration for the use
of circulating miRNAs as biomarker. For example, the source of miRNAs in blood
cells is not clear at the present time. In this regard, exosomal miRNAs may be
useful in detecting miRNAs of neuronal origin. However, there is a possibility that
changes in circulating miRNAs may not be directly related to the changes in the
brain. While this complicates the study of circulating miRNAs, miRNAs still
appear to have promise to be useful biomarkers, since it is likely that they reflect
systemic alterations that accompany the disease process (e.g. chronic stress,
inflammatory, and neuroimmune processes) and may therefore be worthy of further
study.
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Chapter 18
Animal Models of Risk Factors
for Suicidal Ideation and Behaviour

Sarah A. Stuart, Paul Butler and Emma S.J. Robinson

Abstract In order to predict the risk of a drug-induced side effect prior to the start
of a clinic trial, studies in valid pre-clinical models are essential. In the area of
neuropsychiatric symptoms, animal models are severely limited and novel
approaches are essential if such risks are to be identified before expensive clinical
studies are initiated. One of the most serious neuropsychiatric side effects is suicidal
ideation and behaviour. A major issue with this area as a whole is that the current
methods used in pre-clinical drug safety development are not designed to assess
neuropsychiatric side effects, and suitable animal models for suicidal ideation and
behaviour have not been well validated. Animal models of depression represent a
potentially useful starting point as major depressive disorder (MDD) and bipolar
disorder carry the highest risk of suicide. Other behavioural traits associated with
suicidal behaviour in man, such as impulsivity and aggression, can also be mod-
elled in animals. This chapter considers the different methodological approaches
currently available for rodent studies associated with these behaviours. In particular,
translational studies investigating whether changes in cognitive processes impli-
cated in depression may also provide a basis for predicting pro-depressant risk will
be considered. We also review the available literature relating to animal studies
investigating pro-depressant drug treatments to gauge the degree of predictive
validity which these animal models can deliver.
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18.1 Introduction

Suicidal ideation and behaviour (SIB) has been reported for a number of different
therapeutic drugs including antidepressants, antiepileptics, the anti-obesity drug,
rimonabant, anti-acne medication, roaccutane and smoking cessation treatment,
varenicline (Gartlehner et al. 2011; Stone et al. 2009; Mula et al. 2013; Nathan et al.
2011; Magin et al. 2005; Bremner and McCaffery 2008; Ahmed et al. 2013). In
almost all cases, the incidence of neuropsychiatric adverse effects has not become
apparent until the drug has completed clinical trials and been licensed for use in the
general population (Reith and Edmonds 2007). In these situations, this subsequent
evidence of increased risks of depression and/or suicide has a serious impact on the
use of the drug, and may lead to withdrawal of the compound or restricted use. The
drugs for which SIB has been reported target a diverse range of different pharma-
cological mechanisms and thus exhibit distinct pharmacological profiles which limit
our ability to predict treatment-emergent neuropsychiatric risks based on their site(s)
of action (For review see Reith and Edmonds 2007). It is becoming increasingly clear
that both pre-clinical and early clinical studies need to be modified if these CNS-
related adverse effects are to be predicted more effectively and earlier in the devel-
opment process. According to the recently revised draft FDA guidance on SIB
(Prospective assessment of occurrence in clinical trials, FDA draft guidance, Revi-
sion 1, August 2012), prospective monitoring for SIB should be undertaken in all
phases of clinical drug development (phase 1 through to phase 4). The scope of these
draft guidelines includes drugs for both psychiatric and neurological diseases as well
as those for non-psychiatric indications e.g., isotretinoins, other tretinoins, beta
blockers, reserpine, smoking cessation drugs and drugs for weight loss. Although
these approaches should improve the early detection of SIB in healthy volunteers or
patients prior to licensing, it would be a real advantage to the drug development
process if a pre-clinical screen were available which could more reliably predict these
effects in man. For the majority of pre-clinical safety studies, animal models
are employed which have been validated as predictive models for human pharma-
cology. In the case of SIB, these models have been limited to those associated with
suicide-related behavioural traits such as hopelessness, impulsivity and aggression
(Malkesman et al. 2009; Preti 2011) as well as animal models of depression (Willner
et al. 1984; Cryan and Holmes 2005;McArthur and Borsini 2006; Berton et al. 2012).
The following sections discuss these animal models in the context of SIB and con-
sider evidence currently available on the predictive validity of each assay.

18.2 Animal Models: Overview

In psychiatry, an animal model can provide a valuable tool for investigating both
the aetiology of a disease and identifying novel drug targets (McKinney 2001;
Nestler and Hyman 2010). Animal models are also widely used to try to predict the
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potential clinical efficacy of a new treatment (McKinney 2001; Nestler and Hyman
2010). The validity of animal models are made against the criteria of face, construct
and predictive validity (see Table 18.1) although few, if any models fully recapit-
ulate the characteristics of psychiatric diseases (Geyer and Markou 1995; McKinney
2001; Cryan and Holmes 2005; McArthur and Borsini 2006; Nestler and Hyman
2010). Perhaps the most important aspect of any animal model for psychiatry is how
well the findings in animals translate to the clinic (Berton et al. 2012).

Psychiatric conditions are a challenging area to study using animals as their
symptoms are difficult to replicate in a non-human species particularly in the most
commonly used laboratory animals, rodents (for discussion see Cryan and Holmes
2005; Nestler and Hyman 2010; Hendrie et al. 2013). For most psychiatric disorders,
questionnaire-based measures and/or clinical interviews are the most commonly
used diagnostic approach for humans (DSM-V 2013) and translational methods in
non-human species are therefore not feasible. SIB is characterised by the emergence
of suicidal ideation, attempted or completed suicides which can be attributed to the
taking of a therapeutic medication. Quantification of these behaviours also depends
on questionnaire-based measures and current FDA guidelines recommend using the
Columbia-Suicide Severity Rating Scale (C-SSRS) (Pumariega et al. 2011; Posner
et al. 2007; 2011) and the Suicidal Behaviours Questionnaire-Revised (SBQ-R)
(Osman et al. 2001) for assessment of SIB at screening and/or during clinical trials.
Although a specific animal model or test for SIB has not been developed and
validated to date, researchers have looked to the closely related psychiatric disorder,
MDD as well as behavioural traits associated with SIB including hopelessness,
impulsivity and aggression (Cryan and Holmes 2005; Cryan and Slattery 2007;
McArthur and Borsini 2006; Malkesman et al. 2009; Preti 2011).

18.3 Animal Models of Depression

Animal models developed to study MDD have been around since the 1960s when
behavioural tests which could predict antidepressant efficacy in man were described
(Reserpine model, Askew 1963); forced swim test (FST), Porsolt et al. 1977). These

Table 18.1 Validity criteria for an animal model in the context of SIB

Validity Description Challenges

Face The animal model should recapitulate
one or more of the core symptoms of
the disease

Difficult to replicate the features of
suicide in a non-human species

Construct The model should involve similar
neurobiological mechanisms as the
human condition

No clearly defined neurobiology or
genetics
No well characterised biomarkers

Predictive The effects of the drug in humans
should be accurately predicted by the
animal model

Most models have been validated using
conventional antidepressants drugs
associated with common sites of action
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assays went on to form the basis for the successful development of all the modern
antidepressant drugs including the serotonin-specific re-uptake inhibitors (SSRIs).
Animal models for depression form a logical starting point for investigating SIB in
non-human species. MDD is associated with an increased risk of suicide with
approximately 90 % of suicide attempts associated with a serious mental health
condition (Beautrais et al. 1996). Suicidal ideation is also a common feature of
MDD and is one of the symptoms included in the DSM-V diagnostic manual
(DSM-V 2013). Treatment-induced depressive symptoms are also seen with a
number of drug-treatments which have been associated with SIB and therefore may
be a major contributing factor (Nathan et al. 2011; Magin et al. 2005; Bremner and
McCaffery 2008; Ahmed et al. 2013). An increased risk of SIB linked to treatment-
induced depression during interferon-alpha treatment for hepatitis C has also been
reported adding to the argument that pro-depressant effects may be an important
contributing factor in the development of SIB (Sockalingam et al. 2011). Although
not all patients with symptoms of depression go on to attempt suicide, many of
those who do commit suicide have a prior history of a mood disorder, either
unipolar or bipolar depression (Beautrais et al. 1996).

Although animal models for depression have been used extensively in basic
research, their validity has been increasingly questioned and concerns have been
raised about how reliable they are in terms of predicting effects in people. These
limitations have been discussed in detail in other articles (Willner 1984, 2005;
Nestler et al. 2002; Cryan and Holmes 2005; Cryan and Slattery 2007; Nestler and
Hyman 2010; Pollak et al. 2010; Berton et al. 2012 reviews) and are therefore only
briefly summarised here to put the subsequent discussions about SIB-related studies
using these approaches into context.

When considering animal models of depression, the term ‘model’ is often used
to describe both methods to induce a depression-like phenotype and those methods
used to assay depression-like behaviour. Stress-related paradigms such as chronic
mild stress, early life adversity and psychosocial stress have been shown to induce
neurobiological and behavioural deficits thought to reflect a depression-like phe-
notype (Willner et al 1987, 1992; Willner 1997, 2005; Kudryavtseva et al. 1991;
Rygula et al. 2005; Mathews et al. 1996; reviwed by Schmidt et al. 2011). Another
approach has been to use olfactory bulbectomy to induce depression in rodents
(Leonard 1984; Kelly et al. 1997). Although of interest in terms of the roles these
models have played in our understanding of the factors which contribute to MDD,
these methods largely depend on assays of depression-related behaviour to validate
the generated phenotype. Thus, it is these assays of depression-related behaviour
which may provide the most suitable predictive assays for evaluation of SIB in drug
development. For the majority of non-human studies into depression, the assays
used to quantify mood-related symptoms are designed to provide a measure of
either behavioural despair e.g. the FST and tail suspension test (TST), or anhedonia
e.g. sucrose preference test (SPT) and intracerebral self stimulation (ICSS) (FST:
Porsolt et al. 1977; Detke et al. 1995;TST: Steru et al. 1985; reviewed by Cryan
et al. 2005a, b; SPT: Willner et al. 1987; Vogel et al. 1986; ICSS: Zacharko and
Anisman 1991). A number of more general behavioural symptoms can also be
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measured in rodents which may relate to depression e.g. poor coat condition, body
weight changes and aggression (Cryan and Holmes 2005; Cryan and Slattery 2007;
Hendrie et al. 2013).

18.3.1 Behavioural Despair

Assays of behavioural despair were initially developed and validated using proto-
typical antidepressant drugs (Porsolt et al. 1977) and are now generally considered
to provide a valid approach to predicting antidepressant efficacy for drugs acting
through monoaminergic systems, but have limited validity for non-monoaminergic
targets (Berton and Nestler 2006). In the classical version of the FST, animals are
placed into a cylinder of water from which they can’t escape. When the procedure is
repeated 24hrs later, and the immobility time of the animals is measured to provide
an indication of behavioural despair. Pre-treatment with antidepressant-like com-
pounds reduces immobility time in this assay (Porsolt et al. 1977). The assay has
subsequently been adapted for mice where the water is replaced with suspension by
the tail (Steru et al. 1985). In fact, the first assay used to predict antidepressant-like
effects was reserpine-induced behaviours where the monoamine-depleting effects of
reserpine treatment were attenuated by imipramine-like compounds (Askew 1963).
The FST and TST have shown good predictive validity in terms of antidepressant
activity for drugs acting through monoaminergic targets but these assays have also
been heavily criticised (Porsolt et al. 1977; Steru et al. 1985; Slattery and Cryan
2012; for reviews see Cryan et al. 2005a, b; Berton and Nestler 2006). The potential
issues with these assays may stem from their initial development, which was based
on validation using conventional antidepressant drugs such as the tricyclic anti-
depressants (TCA) and monoamine oxidase inhibitors (MAOI) (Porsolt et al. 1977).
The mismatch between the acute time course of effects in the rodent assays and
delayed clinical benefits seen in patients following antidepressant drug treatment
has also been seen as a limitation of these models. One non-monaminergic anti-
depressant, ketamine, an NMDA receptor antagonist and rapidly acting antide-
pressant, acts to reduce immobility time in the FST (e.g. Garcia et al. 2009),
however issues relating to the locomotor effects of ketamine are a potential con-
found (Slattery and Cryan 2012). Locomotor effects in this stress-related paradigm
are not only an issue with ketamine, and the original validation data presented for
the assay included the caveat that locomotor effects were a potential non-specific
confound (Porsolt et al. 1977; Slattery and Cryan 2012). Many researchers now
conclude that the FST and TST provide valid models for predicting antidepressant
efficacy for monoaminergic drugs and ‘me-to’ compounds, but are limited in their
sensitivity to drugs acting through novel mechanisms such as those associated with
SIB. For example rimonabant, a cannabinoid1-receptor antagonist/inverse agonist
developed to treat obesity had been shown to be an antidepressant in the FST
(Griebel et al. 2005) but was subsequently withdrawn from the European market in
2009 after it was found to induce depression, anxiety and suicidal ideation in obese
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patients (Topol et al. 2010). As summarised in Table 18.2, studies investigating the
effects of pro-depressant drugs using behavioural despair methods such as the FST
and TST have failed to provide reliable predictive data. Rimonabant was shown to
exhibit an antidepressant or neutral profile following acute administration although
chronic treatments have been reported to increase immobility time indicative of a
pro-depressant effect (Table 18.2). Other pro-depressant drugs have also failed to
show effects in these assays although studies are still somewhat limited (see
Table 18.2 for details). Overall, the behavioural despair methods appear to lack
sensitivity to most pro-depressant drugs following acute administration
(Table 18.2). Using a chronic treatment may be a better approach and some evi-
dence for predictive validity has been shown, although this may be restricted to
drugs from certain classes. For example, no effects or an antidepressant profile were
shown following acute or chronic administration of anti-epileptics drugs such as
lithium (Table 18.2). As discussed earlier, one potential issue with the FST and TST
may be due to its sensitivity to drugs acting predominantly through monoaminergic

Table 18.2 Effects of drugs associated with SIB in animal models of depression (behavioural
despair and anhedonia)

Assay FST/TST SPT ICSS References

Rimonabant Acute—no effect
or ↓ immobility
Chronic—↑
immobility

Acute—no
effect
Chronic—↓
preference

Acute—↑
threshold
or no effect
Chronic—
no info

Adamczyk et al. (2008)
Griebel et al. (2005)
Gamble-George et al.
(2013)
Rademacher and Hillard
(2007)
Beyer et al. (2010)
Deroche-Gamonet et al.
(2001)

Retinoic
acid

Acute—no effect
Chronic—immo-
bility or no effect

Chronic; no
effect

No info O’Reilly et al. (2006)
Ferguson et al. (2005)
Cai et al. (2010)
Trent et al. (2009)

IFNα Acute—↑
immobility
Chronic—↑
immobility

Acute—↓
preference
Chronic—↓
preference

Acute—no
effect
Acute
(LPS)—↑
threshold

Makino et al. (2000)
Sammut et al. (2001)
Sammut et al. (2002)
Kentner et al. (2007)

Varenicline Acute—↓ immo-
bility or no effect
Chronic—no info

Acute—no info
Chronic—no
info

Acute—↓
threshold

Caldarone et al. (2011)
Turner et al. (2010)
Rollema et al. (2009)
Igari et al. (2014)

Valproate Acute—no effect
(LiCl—↓
immobility)
Chronic—↓
immobility

Acute—no info
Chronic—no
info

Acute—no
effect
(LiCl—↑
threshold)
Chronic—
No info

Tomasiewicz et al.
(2006)
Semba et al. (1989)

Stress Acute—no effect
Chronic—↑
immobility

Acute—↓
preference
Chronic—↑
preference

Chronic—↑
threshold

Platt and Stone (1982)
Moreau et al. (1992)
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pathways (Berton and Nestler 2006). Other sites of action may be associated with
pro-depressant effects which are not evident following either acute or chronic
treatments in the FST or TST.

18.3.2 Anhedonia

Anhedonia, the reduced sensitivity or experience of reward, is one of the core
symptoms of MDD although patients can be diagnosed with MDD in the absence of
anhedonia if they exhibit other symptoms such as low mood (DSM-V 2013).
Although anhedonia is also commonly seen in other psychiatric disorders, such as
schizophrenia and during withdrawal from drugs of abuse. Therefore, drug-induced
anhedonia may represent an important pre-clinical screen for assessing risks
associated with SIB.

Anhedonia is perhaps one of the more translatable symptoms of emotional
dysfunction which can be measured in rodents (for discussion see Anisman and
Matheson 2005). To quantify sensitivity to reward using a rodent model, one of the
most widely used assays is ICSS (Zacharko and Anisman 1991). The method was
originally developed to investigate reward mechanisms associated with addiction
and during withdrawal from drugs of abuse (Phillips et al. 1983; Schaefer and
Michael 1983). The procedure involves the implantation of an electrode into the
medial forebrain bundle and the animal is trained to associated a lever press
response with direct stimulation of the associated dopaminergic pathway (for
review see Liebman 1983). To quantify the hedonic response, the threshold for
stimulation is determined for each animal with a higher intensity of stimulation
needed to maintain responding in animals exhibiting anhedonia. An alternative
approach developed in the context of depression research is the SPT test or sucrose
consumption test (Willner et al. 1987; Vogel et al. 1986). These assays depend on
the animals’ ability to experience reward associated with a weak sucrose solution
(usually 1 %). Either total consumption or preference for the 1 % sucrose versus
water can provide a measure of anhedonia in rodents (Willner et al. 1987; Vogel
et al. 1986).

In terms of depression, there is good evidence for a stress-induced anhedonia in
rodents following exposure to chronic mild stress (Willner et al. 1987) or chronic
social defeat stress (Rygula et al. 2005). Studies have also shown that the stress-
induced anhedonia is sensitive to chronic but not acute antidepressant drug treat-
ment, mirroring clinical observations of the time course of therapeutic benefit
(Willner et al. 1987; Vogel et al. 1986; Zacharko and Anisman 1991). Interestingly,
treatment with the NMDA antagonist, ketamine, has been associated with a rapid
reversal of SIB in patients (Diaz-Granados et al. 2010) although studies in animals
using the SPT found effects with ketamine only after chronic administration (Garcia
et al. 2009). Anhedonic changes similar to those seen in depression appear to be
relatively well replicated in animals although as yet, only limited information is
available for drug-induced anhedonia in the context of SIB (see Table 18.2). Studies
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using either ICSS or the SPT have investigated several different pro-depressant
manipulations with the details of their findings summarised in Table 18.2. It is clear
that consistency across drugs from different classes and tests of anhedonia has not
been achieved although the number of studies reported in the literature is still very
limited. Rimonabant has been shown to induce anhedonia following chronic but not
acute administration when tested using the SPT (Rademacher and Hillard 2007) but
effects measured using ICSS were inconsistent with some reports of an anhedonic
effect following acute treatment whilst others report a lack of effect following either
acute or chronic treatment (Deroche-Gamonet et al. 2001). Similar to the results for
the FST, varenicline appeared to exhibit an antidepressant-like profile and in the
ICSS paradigm it reduced the threshold for stimulation (Igari et al. 2014). Other
drugs tested in models of anhedonia include retinoic acid, interferon-alpha and the
anti-epileptics although their effects are also inconsistent (see Table 18.2). Thus,
whilst the translational validity of animal models of anhedonia is high, the results to
date do not provide evidence of good predictive validity for SIB.

18.3.3 Cognitive Neuropsychological Models of Depression

In 2003, studies using the antidepressant, reboxetine, found that acute treatments in
healthy volunteers led to a positive shift in the processing of emotional information
(Harmer et al. 2003). These changes were observed using neuropsychological tests of
emotional behaviour and revealed that drug-induced changes in these cognitive
processes were present in the absence of any subjective effects onmood (Harmer et al.
2003, see also reviews Harmer et al. 2009b Pringle et al. 2011; Harmer 2013).
Cognitive processes in depression have been discussed formany decades with thefirst
proposal of a cognitive theory of depression described in 1967 (Beck 1967, 1976).
The more recent developments in computer-based neuropsychological tests have
allowed for much more sensitive, objective measures of emotional behaviour to be
made in human participants and renewed interest (For discussion see Robinson and
Sahakian 2008; Clark et al. 2009; Harmer et al. 2009a; Elliott et al. 2011; Roiser et al.
2012; Roiser and Sahakain 2013). Studies in depressed patients have shown con-
sistent deficits in emotion-related cognition including changes in emotional inter-
pretation, learning and memory, with a shift towards a negative emotional
interpretation (see Mathews and MacLeod 2005; Clark et al. 2009; Gotlib and
Joormann 2010 for reviews). It is not yet known whether these negative cognitive
affective biases (CAB) are a cause or consequence of the disease however, they appear
to represent a possible biomarker for depression. This theory is supported by evidence
that individuals with a vulnerability to MDD also exhibit similar negative biases
without overt disease symptoms (Hayward et al. 2005; Joormann et al. 2007; Chan
et al. 2007; Dearing and Gotlib 2009). Perhaps, the most important development from
this work has been in the pharmacology of CABs and studies in healthy volunteers
which suggest this type of biomarker may also provide an early indicator of both
antidepressant efficacy and pro-depressant risk (see review by Pringle et al. 2011).

302 S.A. Stuart et al.



The majority of studies to date have focussed on whether early changes in CABs
predict long-term antidepressant efficacy in patients (see review by Pringle et al.
2011). Using a range of antidepressant drugs from different classes and treatment
regimes of single dose or 7 day of treatments, a positive bias in emotional pro-
cessing, opposite to those seen in depression, has been reported (see review by
Pringle et al. 2011). Although not all treatments act in an identical manner, all drugs
which are effective antidepressants in humans induce a positive bias in one of more
of the emotional processing tests carried out (for review see Pringle et al. 2011).
Using a similar battery of neuropsychological tests, acute or short-term adminis-
tration of the pro-depressant drug, rimonabant was shown to induce negative CABs
(Horder et al. 2009, 2012). Interestingly, the partial agonist at the α4β2 subtype of
nicotinic acetylcholine receptor, varenicline, did not have any effects following
short term treatment (Mocking et al. 2013). As well as the potential to use this type
of neuropsychological approach to study pro-depressant risk in humans, methods
assaying objective measures of emotional processing also provide the basis for the
development of new, translational methods for use in animals.

Although studies in humans use language-based approaches or emotional facial
expressions which cannot be directly translated to non-human tasks, the principles
which underpin these tests can be translated (Paul et al. 2005). The first study to
achieve this was reported by Harding et al. (2004) and described an assay to detect
CABs in rodents. The study provided the first evidence that a translational method
for studying emotional behaviour in a non-human species was achievable. The first
rodent CAB task required animals to learn to associate two distinct auditory cues
with different emotionally valenced outcomes: obtaining reward or avoidance of
punishment. Once the animals had learnt the associations, CAB was investigated by
presenting the animals with intermediate ambiguous tone cues and observing their
responses. The ‘optimistic’ rat was predicted to make more responses in anticipa-
tion of reward whilst the ‘pessimistic’ rat would make more responses indicating
anticipation of punishment. Using a chronic mild stress manipulation, this original
study showed that rats in a putative negative affective state were more likely to
anticipate negative events similar to what is seen in depressed patients (Wright and
Bower 1992). A number of different laboratories have now replicated this work
(Enkel et al. 2010; Anderson et al. 2012) and have refined the task design to reduce
potential confounds associated with motivational state. There have also been task
designs which use spatial cues in place of auditory cues to predict outcomes (for
review see Hales et al. 2014). In both the original tone-based operant task and these
spatial judgment tasks, a go/no-go task design is used. The potential problem with
this design is that any change in motivation for the reward could impact on the
ambiguous cue interpretation or the latency to approach the goal pot. In order to see
a true judgement bias, go/go presentation of the tone-based operant task using
active lever press responses to either obtain reward or avoid punishment has been
developed (Enkel et al. 2010; Anderson et al. 2012; Rygula et al. 2012, 2013;
Papciak et al. 2013). To date, the numbers of studies using this approach are limited
and training protocols indicate that animals require long training periods of up to
3 months to reach a stable level of performance before drug testing can be carried
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out (for review see Hales et al. 2014). Pharmacological validation of these
ambiguous cue interpretation or judgement bias methods is also limited (Anderson
et al. 2013; Enkel et al. 2010) and studies investigating pro-depressant drugs have
not yet been reported. Studies using the antidepressant fluoxetine have shown a
tendency to reduce negative judgement biases following chronic but not acute
administration (Anderson et al. 2013). In contrast, the antidepressant reboxetine
either alone (Anderson et al. 2013) or in combination with corticosterone (Enkel
et al. 2010) induced a negative bias and reduced anticipation of reward. Although
the translational potential of this approach appears high, to date, the predictive
validity is limited and further studies are needed before the value of this approach
for SIB and depression-related studies can be fully evaluated.

An alternative method to study CAB in rodents has also recently been reported
(Stuart et al. 2013). This assay uses a similar strategy of ‘reverse translation’ but is
based on the memory biases observed in depressed patients as apposed to emotional
interpretation biases (see Mathews and MacLeod 2005; Clark et al. 2009; Gotlib
and Joormann 2010 for reviews). The rodent affective bias test (ABT) is similar
conceptually to the conditioned place preference paradigm (CPP). The basis of the
task is the hypothesis that memory for a specific experience is biased by affective
state at the time the experience is learnt, which subsequently influences the memory
of the relative value of that experience (Stuart et al. 2013). Studies using antide-
pressant drug treatments from different pharmacological classes suggest that a good
correlation between their known clinical efficacy in patients and the drug’s ability to
induce a positive bias in the ABT. As well as pharmacological validation, exper-
iments using psychosocial manipulations of affective state also resulted in biases in
this assay consistent with their predicted effects on affective state. Exposure to
social and environmental enrichment resulted in a positive bias whilst psychosocial
stress induced a negative bias (Stuart et al. 2013). Together, these data support the
translational and predictive validity of the ABT for depression-related research. In
terms of SIB, studies using the ABT have also investigated a number of treatments
known to induce depression and/or SIB. The CB1-antagonist, rimonabant and the
active ingredient of the anti-acne medication roaccutane, 13-cis-retinoic acid,
induced a negative bias in this assay (Stuart et al. 2013, Fig. 18.1). Interestingly, the
SSRI antidepressants tend to exhibit a bell-shaped dose response curve in the ABT
(Stuart et al. 2013). This observation has not been further investigated but may be
relevant to their proposed risks of inducing SIB in vulnerable individuals or at
certain doses.

Considering all the different depression-related assays which have been used to
investigate drugs with known neuropsychiatric risk, pharmacological data for the
ABT test shows the greatest level of predictive validity when compared to data
obtained from healthy human volunteers and/or patients. The assay has yet to be
replicated in other laboratories and further validation data are needed. In particular
studies using other drugs with a black box warning for SIB such as the anti-
epileptics are needed. The current version of the task is also very labour intensive
and would have greater value if it could be modified to an automated version.
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18.4 Animal Models of Suicide-Related Behavioural Traits

Although animal models of depression are thought to be a good predictor of SIB
and several of the drugs associated with these side effects also induce depression,
other behavioural traits associated with suicide are also of potential interest. Suicide
arises as a result of multiple behavioural traits, some or all of which may be present.
Of specific relevance to SIB are the behavioural traits of hopelessness, impulsivity
and aggression (for review see Brezo et al. 2006). Animal models to investigate
these behaviours have all been described previously although usually in studies
unrelated to SIB. The potential applications for animal models of these suicide-
related behavioural traits have been reviewed previously (Malkesman et al. 2009;
Preti 2011) and therefore only a brief synopsis is given here. As opposed to a
detailed description of the specific methodologies, which are described in detail in
Malkesman et al. (2009), particular attention has been made here to the pharma-
cological and translational validity of these approaches and any studies using drugs
associated with SIB (Table 18.3).

Fig. 18.1 Pharmacological evaluation of the ABT for predicting pro-depressant risk. In the ABT,
the percentage choice bias is measured using a preference test where the animal bias towards or
away from an experience encountered during antidepressant treatment is quantified. Results are
shown the maximal effective dose and a positive control of psychosocial stress. Full dose-response
data are given in Stuart et al. 2013. These studies show that three pharmacologically distinct pro-
depressant treatments induce similar negative affective biases in the rat ABT. The magnitude of
effect is similar to that seen following a stress manipulation (restraint stress and 24 h social
isolation). Results are shown for mean ± sem for 16 animals tested using a within-subject affective
bias test. *p < 0.05, **p < 0.01, ***p < 0.001 post-hoc one sample t-test versus no bias
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18.4.1 Hopelessness

The most often used model for assessing hopelessness in animals is the learned
helplessness paradigm (Maier and Seligman 1976), which has been conducted
successfully in several species including rats and mice. In this paradigm, a pre-
sumed state of depression is induced in animals by exposing them to repeated
inescapable, aversive stimuli (e.g. foot shock). The procedure results in long-lasting
deficits in the animals’ motivation and ability to escape in subsequent trials where
escape is possible, as well as behavioural alterations such as vocalisations and
passivity (Anisman et al 1979; Sherman and Petty 1982). The learned helplessness
paradigm is used in pre-clinical pharmacological studies to assess the antidepressant
effect of new compounds and it has been demonstrated that TCAs, MAOIs and
SSRIs all prevent and/or reverse learned helplessness in animals (Martin et al 1990;
Sherman and Petty 1982; Takamori et al 2001). Some studies also use the FST and
TST to assess hopelessness although these assays are more commonly referred to as
assays of behavioural despair which results from a relatively short-term exposure to
an inescapable stress. Studies using the learned helplessness paradigm to investigate
drug-induced SIB have not been reported.

18.4.2 Aggression

Laboratory research has produced detailed descriptions of aggression and defence
patterns in rodents showing strong similarities across species (Blanchard and
Blanchard 2003). Furthermore, research indicates that there are several similarities

Table 18.3 Effects of drugs associated with SIB in animal models of trait behaviours

Suicide-
related trait
behaviour

Animal model/assay Summary of findings
relevant to SIB

References

Hopelessness Exposure to repeated ines-
capable stress e.g. footshock

No data

Impulsivity 5-choice serial reaction time
task (impulsive action)
Stop-signal reaction time
task (stopping an already
initiated response)
Delayed reward (impulsive
choice)

↓Rimonabant, lithium
↔Carbamazapine,
valproate
No data
↔Rimonabant,
valproate
↓Lithium

Wiskerke et al.
(2011), Ohmura
et al. (2011)
Wiskerke et al.
(2011), Halcomb
et al. (2013)

Aggression Resident intruder model ↓Rimonabant
↓Retinoic acid
↓Lithium, valproate

Griebel et al.
(2005)
Trent et al. (2009)
Flaisher-Grinberg
and Einat (2007)
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between offensive aggression in laboratory rodents and human aggression (Blan-
chard and Blanchard 2003). Various behavioural paradigms attempt to model
aggression in animals (reviewed by Miczek et al, (2001)), but the resident intruder
is the most frequently used. A naïve weight- and age-matched rodent (‘intruder’) is
placed into the home cage of an experimental rodent and the aggressive behaviours
of the resident rodent (e.g. attack bites, tail rattling and wrestling) are measured
(Pellis and McKenna 1992). Notably, the ability to reduce aggressive behaviour in
this paradigm is shared by acute treatment with all the pharmacologically disparate
antidepressant compounds tested, including SSRIs, selective noradrenaline reuptake
inhibitors (SNRIs), MAOIs, and TCAs (Mitchell 2005). Studies investigating drugs
associated with SIB have so far been very consistent in their observations in terms
of aggression with rimonabant, retinoic acid and the antiepileptic, valproate, all
reducing aggression in the resident intruder paradigm (Table 18.3). These findings
do not therefore support a predictive value for aggression and SIB.

18.4.3 Impulsivity

Impulsivity is not a unitary construct and subtypes, based on response inhibition
versus impulsive choice, have been proposed in the context of animals and humans
(Evenden 1999; Dalley et al. 2008). In rodents different aspects of impulsivity can
be measured using operant behaviour paradigms (Fernando and Robbins 2011;
Eagle and Baunez 2010; Winstanley et al. 2006). To measure impulsive actions in
rodents, the 5-choice serial reaction time task (5-CSRTT) and modified forced
choice version have both been used to study impulsivity associated with impaired
response inhibition (Robbins 2002). The ability to stop an already initiated motor
response can be quantified in both humans and rodents using the stop signal
reaction time task (SSRT) (Eagle and Baunez 2010) and intolerance to delay of
reward or impulse choice, is quantified using the delay discounting task (Cardinal
et al. 2004). The delay discounting paradigm is based on the principle that the
selection of a small but immediate reinforcer represents an ‘impulsive’ choice,
whereas the opposite bias is an index of ‘self control’. An extensive literature on the
neural and neurochemical modulation of different types of impulse control exists
and some insight into the possible link between key neurotransmitter systems and
SIB may be feasible (Robbins 2002; Cardinal et al. 2004; Dalley et al. 2008). For
example, the serotonin system has been shown to play an important modulatory role
in impulse control in animals and evidence from post-mortem tissues have linked
serotonin levels in the brain to suicide (for review see Bortolato et al. 2013).
However, few studies have specifically investigated the relationship between SIB
and impulsivity using these tasks. A couple of studies have investigate the effects of
lithium and other antiepileptics and found they either reduce impulsivity or have
no-effect depending on the task used (see Table 18.3). Studies using antidepressant
drugs find either no effect or reduced impulsivity (Bizot et al 1999; Humpston et al.
2013).
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18.5 Conclusions

Studies designed specifically to investigate the effects of novel drugs to induce SIB
in animals as an approach to predict their effects in humans are still limited but the
growing need for pre-clinical methods has seen an increase in publications in this
area. The majority of researchers have sought to use animal models of depression to
try to determine their predictive value for SIB. Conventional methods such as the
behavioural despair assays or models of anhedonia have failed to provide consistent
data and drugs from different pharmacological classes tend to have different effects
suggesting these models may be limited to detecting drugs acting through specific
mechanisms, such as the monoamine targets. Assaying trait behaviours such as
aggression, hopelessness and impulsivity is potentially valuable within a full
behavioural screen, however, the data for these methods also shows a lack of
consistency in effects and evidence demonstrating their predictive validity for SIB
is severely limited. Overall, the CAB studies have demonstrated the greatest
potential for translational validity. They demonstrate the benefits which can be
achieved by utilising developments in objective measures of mood-related symp-
toms in humans and related animal assays. Moving forward, more work into the
potential of CABs as biomarkers for mood-related neurobiology in humans will
also benefit animal studies. With a greater number of drugs tested across different
pharmacological classes in humans, the translational validity of animal models can
be better evaluated.

An important aim for future research is to try to not only develop methods which
can predict risk but also try to find methods to help explain why certain drugs cause
SIB and whether specific risk factors exist in a subpopulation of patients. The
incidence of adverse neuropsychiatric side effects associated with treatments such
as retinoic acid (Marqueling and Zane 2007) or rimonabant (Christensen et al.
2007) are not well defined and symptoms are seen in only a minority of patients. It
is not yet possible to predict which patients will experience these side-effects
meaning that all patients must be treated with the same degree of caution, therefore
limiting the potential clinical use of the compound. If an animal model or series of
behavioural tests can, together, provide a test battery from which vulnerability
across different populations can be predicted, this can improve the safety of com-
pounds as well as potentially offering an early screen to detect those most at risk.
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